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LETTER OF CAPTAIN A. A. HUMPHREYS, 

CORPS OF TOPOGllArniCAL ENGINEERS, 
TRANSMITTING THE 

REPORT TO THE BUREAU OE TOPOGRAPHICAL ENGINEERS. 



MAJOR IIARTMAN BACHE, 

Corps of Topographical Engagers, 

In Charge of Bureau of Topographical Engineers, 

War Department, Washington. 

Office op the Mississippi Delta Survf,y, | 
Washington, August, 5, IS III. j 

SIR:— 

Under the act of Congress directing the Topographical and Hydrographical Survey 
of the Delta of the Mississippi river, with such Investigations as might 
lead to determine the most Praeticahle Plan for securing it from Innnda- BoarX" 1 ^ 
tion, a Hoard, consisting of Lieutenant-Colonel S. II. Long, Topographical 
Engineers, and myself, was organized in Novemher, 1850, and directed to examine the 
river with a view to decide upon the character and extent of the surve} r s required. It 
was further ordered that, the duty of the Board being completed and a report thereon 
being made, I should take the direction of the work. 

In accordance with those instructions, the report of the Board was made from 
Napoleon, Arkansas, December 18, 1850. That report was communicated to Congress 
and printed in Senate Ex. Doc. No. 13, 31st Congress, 2d Session. The field of survey 
and investigation by measurement, as enlarged by authority of the Bureau of Topo- 
graphical Engineers in the following spring, extended from the head of the alluvial 
region at Cape Girardeau to the gulf of Mexico. At a still later date, the investiga- 
tions were authorized to include within their scope the best mode of deepening the 
channels at the mouths of the river, an object which had been likewise contemplated 
in the original appropriation act. 

That act required a topographical and hydrographical survey of the Three parties 
delta of the Mississippi to be made in connection with the investiga- or & ai " z ed- 
tious; and in execution of the plan of operations laid down in the report of the Board 

3 {17} 
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of December IS, ISoO, three parties were at once organized to determine the topo- 
graphy, hydrography, and hydrometry of the alluvial region. Fortunately for the 
objects of the Survey, the .succeeding high water proved to be a flood of a peculiar 
character. 

The topographical party in charge of Mr. James K, Ford, twisted by Mr. Joseph 

Bennett, Mr. W. Thornton Thompson. Mr. George F. Fuller, and Mr. 
phical partv* Samuel Hill, made a minute topographical survey of the Mississippi 

river, extending from one mile above Routh's point to one mile below 
the Bnrataria-eanal locks, just above New Orleans, collecting at the same time infor- 
mation concerning the crevasses of former years, old flood-marks, the history of levee 
construction, the dimensions of levees, well authenticated changes in the banks of the 
river, etc. etc. Owing to the high stage of the river, and the consequent inaccessibility 
of the east bank between the foot of the Raccourci cut-off and a point one mile above 
Baton llouge, that portion was omitted. The Survey included the month of Bed river, 
the heads of bayous Atchafalaya, Plaquemine, and La Fourche, and numerous off-set 
lines — among them one from Carrollton to the mouth of the new Canal, lake Ponfc- 
chartrain. ft comprised carefully determined lines of level throughout. The maps of 
Captain Campbell Graham and of Captain (J. W. Hughes, Topographical Engineers, 
accompanying their reports upon the Military Reconnoissance of the Approaches to 
New Orleans, and those of Captain A. Taleott of the Mouths and Passes of the River, 
afford sufficient data for any general purposes connected with the river for the 
remainder of its course from Carrollton to the gulf. 

The hydrographieal party was placed in charge of Mr. C. Castor Smith, aided by 

Mr. James O'Rourke* and Mr. Otto Saekersdorff, and subsequently by 
nhfcalBartv' a ' ^ r ' J° 80 1 )U Gorlinski. Its operations included the measurement < 4' sets 

of cross-sections of tin- Mississippi at Routh's point, at Red-river landing, 
in the Raccourei eat-off, at Raccourci bend, at Baton Rouge, at site of Bonnet-Carre 
crevasse, at Carrollton and above and below that locality, and of sets of cross-sections 
of the mouth of Red-river, of Old-Red river bend, and of the heads of bayous Atcha- 
falaya, Phupiemine, and La Fourche. In each set of cross-sections, the velocity of the 
current was measured — in some instances, with great elaboration. The nature of the 
material pushed along at the bottom of the river was examined from time to time. 
The operations of this party were greatly impeded and interrupted by the high water. 
It was intended that it should make an accurate, detailed hydrographic survey of the 
river from the mouth of Red river to New Orleans; but this — from the difficulties 
encountered in the strength of the current, the great depth of the river, and the cli- 



* Mr. O'Ktnirki.' wil«, during the progress of tho Survey, iMndicd from this purl)', uuil, in cornice lion with lliu 
topographical linrty, mudo (lie triniijjiilLiliuiis connecting Ua» two bunk* of the river. 
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mate — was found to he impracticable without a greater expenditure of money than a 
propel regard for the other branches of the Survey would allow. A similar though 
much less elaborate survey of the bayous Atchafalaya and Plaquemine was likewise 
runtcinpluti".!. Inii for ;i like reason w:is not executed. 

Previous to cominencing the hydrography, this party made a survey from McMas- 
ter'e plantation on the Mississippi, eleven miles below New Orleans, to lake Borgne. 

The topographical survey of the site of the Bon net-Carre crevasse and vicinity, and 
of Carrollton and vicinity, and of the line to the mouth of the new Canal, lake Pont- 
chartrain, were made by this party when temporarily under the charge of Lieutenant 
G. K. Warren, Topographical Engineers. 

The hydrometrical party was placed in charge of Professor C. G. Forshey, assisted 
by Mr. William Sidney Smith and Mr. William Furshey, and — upon 
the cessation of the field duties of the topographical and hydrographies! Scal^Mty. " 
parties by Mr. Thompson and Mr. O'Rourke* for brief periods. Sub- 
sequently, Mr. William H. Williams took the place of Mr, W- Forshey. 

In connection with the operations of this party, gauge-rods were established in lakes 
Pontchartram and Borgne, in the gulf bayou at Fort St, Philip, and — in the river — at 
Fort St. Philip, Carrollton, Donaldson ville, Baton Rouge, Red-river landing, Natchez, 
New Carthage, and Lake Providence. Most of these observations were continued for 
two years, and some of them longer. The gauge-observations made under the Navy 
Department at the Memphis Navy Yard were relied upon for that position, and private 
gauge-observations at Napoleon and Cairo for those localities. Temporary gauge-rods 
were likewise observed at Berwick's bay, at Field's Mills on bayou La Fourche, and at 
Indian Village on bayou Plarptemiue. 

The chief labor of the hydrometrical party, however, was directed to the constant 
measurement of the velocity of the current of the Mississippi in all parts of the width 
and depth of the Carrollton section, in order to obtain the volume of discharge in every 
condition of the river throughout the period of ft river year; and with a view to 
determine the law of change of velocity from the surface to the bottom, and from side 
to side; including the effect of wind; and thus to furnish the hydrometrical data for 
completing the determination of the laws governing the How of water in natural chan- 
nels. During a portion of the periods of high and low water, similar measurements 
were made upon a section of the river at Baton Rouge, b which vicinity the course of 
the river is nearly straight for several miles. 

In connection with these operations, the amount of sedimentary matter held in sus- 
pension by the river was measured daily for two years, together with the temperature 



* JJcol for the public service led Mr, O'llourke to volunteer Tor this duty. The exposure nceessurily attendant 
upon its performance brought on sickness, which proved t'utal lo him very soon after he rejoined the topographical 
party at Louisville, Kentucky. 
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of the river-water, and the air, etc. The character of the material pushed along the 
bottom was likewise examined from time to time. 

Detachments from this party measured the disc barge of the crevasses in the vicinity 
of Carroll ton, the cross-sections of Berwick's bay, and of the La Fourehe, at Pain Court, 
Thibodeaux, and Field's Mills, and ran a line of levels from the high-water mark of the 
Mississippi, at MeMaster's plantation, to the gauge-rod at Proctorsville on lake Borgne. 
Mr. Smith's lines of cross-section, at Carrollton, were likewise re-sounded by this party 
in km water, 1851. 

It also made experiments upon the velocities of the current from the surface to the 
bottom at the mouths of the Mississippi, both in the high and low stages of the river, 
sounded the bars, and determined by measurement the advance of that of the South- 
west pass. 

The results of the labors of all these parties enter into the must important deduc- 
tions oF the "Report; they will be found embodied in the chapters devoted 
Results of the ... , . . 

operations of to the subjects for which they were designed to furnish the data. 

ese par its. The original large-scale topographical and hydrographical maps, pro- 

files, sections, and diagrams, and bydrometric plats and drawings, are, however, valu- 
able for the information they convey in other connections than those they have with 
the problem of protection against overflow. They are therefore transmitted to the 
Bureau. A list of them will be found in a subsequent part of this letter. 

Professor Forshey is entitled to great credit for the zealous and intelligent manner 

in which he devoted himself, for many years previous to the orgauiza- 
ments° Wlede ' tion of tIie Dolta Snrve y> to observing and collecting facte relative to 

river phenomena, without aid from any source whatever; be thus accu- 
mulated a mass of valuable material, which has been available for the purposes of the 
Delta Sm-vey. When it is considered how difficult and costly perfect observations are, 
oi' the character of some of those made by him as an amateur, it is a matter of sur- 
prise that so much should have been done by the unassisted enterprise of a private 
individual. His knowledge of the alluvial region afforded me valuable aid, and I 
esteemed myself fortunate in securing his services. The duties entrusted to him com- 
prehended a great variety of subjects, some requiring the most delicately conducted 
experiments, and all exacting severe labor; the important results that have been 
deduced from those observations are evidences of the care with which they were made. 
Lieutenant G. K. Warren, Topographical Engineers, established the river gauge- 
rods, made portions of the topographical and hydrographical surveys, prepared several 
of the topographical sheets, and aided in the general supervision and direction of the 
work, a duty which he performed in a highly intelligent manner, and which, accept- 
able to me at all times, was particularly so when I was almost entirely disabled by 
sickness, 
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To all the gentlemen cum posing the parties enumerated, acknowledgments are clue 
for the faithful performance of difficult and arduous duties. 

While engaged in the field, in the Bummer of 1851, I was suddenly prostrated by 
sickness, which obliged me early in the following winter to relinquish 
the charge of the work to Lieutenant-Colonel Long, Topographical Ettgi- ^th^wfe 
neers. The operations in the Held were soon after entirely suspended, 
with the exception already stated in connection with the Carrollton work, and con- 
tinued so until the fall of 1807, when, the charge of the work having been previously 
resinned ly me, the surveys and investigations Were again vigorously pro^'cuii'd. 

During the interval, while they were in abeyance, the state of my health still ren- 
dering me unfit for duty, I sought and obtained authority to visit 

° . . . Examination 

Europe, with instructions to examine its delta rivers, and ascertain what of European 

the experience of many centuries had really proved as to the ultimate 
as well as immediate eilcets of the different methods of protection against inundation. 
Such of the results of that visit as have immediate application to the Mississippi river 
arc briefly embodied in the text of the Report, 

Upon returning from Europe, in the summer of 1854, I was assigned to special 
service under the immediate orders of the War Department, and placed in charge of 
the Office organized in connection with the Explorations and Surveys, then in progress, 
for the Determination of the Most Practicable and Economical Route for a Railroad 
from the Mississippi river to the Pacific ocean. The duties thus devolved upon me 
prevented my giving sufficient attention to the Survey of the Delta of the Mississippi 
to admit of its active resumption until the autumn of 1S57. 

At my request, Lieutenant Henry L. Abbot, Topographical Engineers, was then 
directed to report to me for duty on the Delta Survey. This request 
was made in order that Lieutenant Abbot might take the immediate tioJ^esnraed" 
charge of the parties of the Delta Survey under my direction, 'the office 
being established at this place. An arrangement of this kind was rendered absolutely 
necessary by the nature of the duties then imposed upon me. Having the general 
charge, under the direction of the Secretary of War, of the Explorations and Surveys 
for a Pacific Railroad Route, of Geographical Explorations, aud of other operations in 
the field more or less directly connected with those, and being also a Member of the 
Lighthouse Board, I could not, with any effort, give that constant, daily, undivided 
attention to the Delta Survey required for its steady progress; aud to remain long in 
the field was impossible. During the further progress of that work — in the field and 

flj ce ] wftS besides appointed a Member of several temporary Commissions, the last of 

which was the Commission instituted by the 8th section of the Act of Congress of June 
21 lSGd, t<> examine into the Organization, System of Discipline, and Course of Instruc- 
tion of the Military Academy. 
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Previous to the resumption of the field work of the Survey, Lieutenant Abbot 
Partial reduc- recomputed the volumes of discharge at Carrollton from the original 

tion of the re- notes; Mr. James S. Williams, a civil engineer of high standing, care- 
suits of the -iiti ' - 
former field huly revised the level notes ol the burvey, and deduced the results 

W0rk ' used in the Report; and Mr. George F. Puller completed the drawing 

of the topographical sheets of the Survey. 

As other important duties required my presence in Washington at that time, 

Lieutenant Abbot was directed by me in November, IK 5 7, to proceed 
reumed *° ^ ie Mississippi river, organize the necessary parties, and prosecute 

the surveys and investigations. The completion of the Topographical 

and llydrographical Survey of the Delta in the maimer in which it was commenced 

in 18ol was not attempted; because the Investigations, the more important of the 

two classes of work called for by the appropriation acts, required the expenditure of the 

balance of the appropriation. It was extremely fortunate that they were resumed just 

at that time, for the Hood of 1858 was one of a remarkable character, and furnished 

data which could not have been collected if the appropriation had been exhausted by 

the resumption of the Survey in a previous year, inasmuch as no* Mississippi fiood 

occurred between is.jl and 1858. 

In compliance with these instructions, gauge-rods were established at Columbus, 

Kentucky; Memphis, Tennessee; Napoleon, Arkansas; Vickshurg, and 
Gauge-rods. - T . ... . . , _ . . . ., , r ,, , ', 

Natchez, Mississippi; and Kcd-nver landing and Carrollton, Louisiana. 

Donaldsonvdle, Louisiana, and Cairo, Illinois, were subsequently added to the list. A 
daily record of the height of the water upon the rod, the state of the weather, the 
direction and force of the wind, etc., was kept at those stations until January, 1859. 
The observations at Columbus, Memphis, and Vleksburg were continued until Sep- 
tember, 1859, and those at Carrollton until April .'ID. IX U. Kroin May 11, 185!>, to 
June 5, I860, a self- regis'te ring tide-gauge was maintained at the mouth of the South- 
west pass, a portion of the corresponding Carrollton observations also being made with 
one of these instruments; 

A party in charge of Mr. Henry C. Pillebrown, assisted at first by Mr. W. E. 

_ , Webster and subsequently by Mr. C. L. Jones, was established at 

Discharge me a- ' . " 

aurements at Columbus, Kentucky, 20 miles below the mouth of the Ohio, which 

measured daily the velocity of the current from bank to bank, and 
occasionally from surface to bottom. To tins duty were added the determination of the 
quantity of earthy matter held in suspension by the river-water, and a careful survey of 
the river above and below the base of current-observations, with lines oi level to de- 
termine the slope of the river at high and low water. A survey across the low grounds 
between Cape Girardeau and the Commerce bluffs was likewise made by this party. 
A party with similar duties, in charge of Lieutenant H. 8. Putnam. Topographical 
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Engineers, assisted by Mr. J. T. Champneys, was stationed at Natchez, At Natchez and 
Mississippi; but was subsequently moved to Vicksburg, Mississippi, and *' 

placed in charge of Mr. Holmes A. Pattison, upon Lieutenant Putnam's being assigned 
to duty with the troops in Utah. In addition to its regular duty of current-measure- 
ments, this party made a careful survey of the river for about eight miles at Vicks- 
burg, including the site of the velocity sections, with exceedingly accurate lines of level 
to determine the slope of the water surface at various stnires between high and low 
water entirely around the abrupt bend above Vicksburg. The discharge of the Yazoo 
river was also measured by this party, whenever it could be done without interfering 
with the regular progress of the work of the Vicksburg station. Subsequent to 
November 5 the gauging of the Mississippi at Vicksburg was conducted by Mr. J. J. 
Conway assisted by Mr. J. M. Couper, Mr. Pattison's party having been detached to 
make an important survey through the Yazoo bottom, winch could be best done in 

that month. 

The observations at Columbus were continued until November 16, 1858, and those 

at Vieksbuv" until December 15, 1858. The summer of 1858 was remarkable for its 

intense heat and sickly character, notwithstanding which, the gentlemen composing 

these parties never relaxed their exertions. 

Similar but much less elaborate observations were made by Mr. A. A. Edington, 

to ascertain the daily discharge of the Arkansas river at Napoleon. Digch mea _ 

These commenced on January 1, and continued until November 30, surements upon 

the Arkansas. 
1858. 

Aided by Mr. Pattison, and, at times, by others of the assistants already named, 
Lieutenant Abbot, besides establishing the parties at Columbus and Upon othftr 
Natchez, measured accurate cross-sections with corresponding velocities, tributaries; 
of the following streams, to determine approximately their discharge in the Missis- 3 
during the flood: the Ohio, the Ilatehee, the St. Francis, the White, «ppi and bayous, 
the Arkansas, the cut-off between the Arkansas and White rivers, the Yazoo, the Red, 
the Black, the Atchafalaya bayou, Old river above Red-river landing, and Grand river 
at Berwick's bay, Louisiana. In addition, accurate measurements of the high-water 
cross-sections of the Mississippi were made by him at Columbus, Kentucky; New 
Madrid, Missouri; a point two miles above Osceola, Arkansas; Randolph, Tennessee; 
Helena, Arkansas; Napoleon, Arkansas; Lake Providence, Louisiana; Vicksburg, 
Mississippi; New Carthage, Louisiana; Natchez, Mississippi; Baton Rouge, Louisiana; 
Bonnet Carre, Louisiana; and Fort St. Philip, Louisiana. 

Mr. Pattison, assisted by Mr. J. D. Julian, measured in 1859 similar sections on 
the lines of survey of 1851 above and below the site of the Bonnet-Carre crevasse, 
and on two of those at Carrollton, Louisiana. He likewise re-sounded the bayous 
Plaquemine and La Fourehe, on the lines of 1851, with some additions; and re-sur- 
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veyed the heads of these bayous and of bayou Atchafahtya with a view to detect any 
changes which might have occurred since I Sol. 

Aided by Mr. W. II, Williams, Lieutenant Abbot measured with great care the 
discharge of the Bell crevasse near New Orleans in May, ISoS, and 
S^f-SfT* Upt>a thus, in connection with the ubsorvalions made by the parties in ISol, 
obtained the elements necessary to frame rules for ascertaining the dis- 
charge of crevasses. The locality of this crevasse and that of the La Branche were 
surveyed with minute accuracy by Mr. W. H. Williams during the following low water. 

As soon as the flood of ISoS subsided, a party was organized under Mr. William 
Sidney Smith, which passed down the Mississippi, from Cairo to the mouth of Red 
river, in a yawl, measuring the dimensions of the various crevasses occasioned hy that 
flood, and collecting all the information regarding date of occurrence, rate of in- 
crease, etc. This duty, an exceedingly difficult one, was performed in a highly satis- 
factory manner, notwithstanding the great exposure to sickness in a season remarkably 
unhealthy. To this gentleman the Survey is likewise indebted for communicating 
information useful in the work. 

A line from the high lands east of the Yazoo bottom, via Greenwood and McNutt, 

_ ,. . , to Prentiss on the Mississippi river, was accurately surveyed in 1SS9. 

Section of the 1 l 

Yazoo bottom hy Mr. Pattison, assisted by Mr. Julian. It was the first survey made 
across that great swamp, and, besides affording the means of determin- 
ing the average depth of overflow, furnished other valuable data. 

A similar survey across the Tensas bottom was made by Mr. Patti- 
bottom lands, sou ' s \ iiVC ty from Vidalia to Harrisonburg on the Washita. 

After the termination of field labors, Mr. Pattison was employed, 
until April 30, 1861, in various kinds of office work, which lie executed with the same 
fidelity and zeal that characterized his labors in the field. 

Great care was taken to obtain from every available source correct information 

respecting the dimensions, condition, and extent of the levees through- 
MiaceUaneous l ° 

information out the alluvial region, the history of their progress, etc, ; respecting the 

height and date of the floods throughout the same regiohi the depth of 
overflow in the swamps bordering the river, the nature of the growth upon them and 
their geological character; and the seasons and dates of the Hoods, the range, etc. of 
the tributaries of the Mississippi. 

The intelligent and energetic labors of Lieutenant Abbot, faithfully aided by the 
gentlemen already named, accomplished a great amount of work. 

Series of detailed observations upon the currents at and near the bar of the South- 
west pass, from the surface to the bottom, were made hy Mr. C. A. 

atth7mo£]Is 1,,Lllk ' r ' llssisted h >' Mr - William Sidney Smith, in May, 1859, repeated 
of the river. by him in August, and with less elaboration at various times from that 
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date to June, 1SG0. The services of Mr. Fuller were for the greater part of the time 
given without compensation. This valuable aid to the Survey was preceded by the 
voluntary contribution of gauge-rod observations at the bend and foot of the Red- 
river raft. 

Various circumstances successively delayed my intended inspection uf the operations 
in progress on the Mississippi in 1858, and the examination of particular localities, 
until the month of May, A short time after my arrival in Louisiana, a return of my 
former illness, induced by the excessive heat of the climate, rendered me unable to 
perioral, without great suffering, any duty for the remainder of the summer. 

In the fall of 1850, measurements similar to those made at the 
permanent hydrometric stations of Carrollton, etc. were made upon a ^the^hesa^ 
canal feeder uf the Chesapeake and Ohio canal, at the Little Falls of peake and Ohio 
the Potomac, by Lieutenant Abbot, assisted by Mr. Pattison and Mr. 
Vaughan, with a view to determine the 1;lws governing variations hi certain co- 
efficients entering the new formula? derived i'roin the Mississippi observations. 

To complete the Delta Survey, every source from which reliable 
information connected with the question of Mississippi floods could be cnasetUy. or 

collected was examined. Wherever a record of the rise and fall of the presented to 

t!i6 Survey* 
Mississippi and its tributaries had been made, it was secured if possible. 

Thus the gauge-rod observations at Carrollton, or in that vicinity, having been 
continued by Professor Forshey after those of the Government ceased in 
1853, the records up to Slay, 1855, were purchased from him at the afMrtoUtoif 
same time with similar records at the same locality during 1848, 184'J, 
and 1850. The purchase included notes upon the rise and fall of the river at Natchez, 
from 1817 to 1847, and a mass of information upon the high-water marks and dates of 
old Hoods in that vicinity, together with a cross-seetion of the Mississippi alluvion along 
the northern boundary of the State of Louisiana. 

The gauge observations at Donaldsonvillc were continued by Mr. Gingry after those 
of the Government ceased in 1853, and in a spirit of great liberality 
copies of them, comprising the records for the years 1854-5-6-7-9, and sonville. 

part of I860, were courteously placed at the disposal of the Delta 
Survey. These observations, it is believed, are still continued by Mr, Gingry, who will 
thus be enabled to contribute information that will be found highly valuable in testing 
the correctness of some of the conclusions found in the Delta Report, and in solving 
those questions connected with the river, the data for which rest upon long-continued, 
careful gauge-rod observations. 

The records of the gauge-rod observations at the Memphis Navy Yard, from August, 
1848, to May, 1852, were courteously placed at the disposal of the Sur- 
vey by the Chief of the Bureau of Yards and Docks. Similar records, At Memphi8, 

4 
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filed at the United States Arsenal near St. Louis, Missouri, from May, 1S43, to May, 
1845, made under the direction of Captain T. J. Cram, Topographical Engineers, iuti: 
famished fay the courtesy of Lieutenant Benet, I', S, Ordnance, and partial records of 
that, character kept hy Captain Richard Fatherly, Military Store-keeper at the United 
States Arsenal, at Little Rock, Arkansas, from January, 1858, to January, 1KG0, were 
kindly furnished to the Survey by him. 

For the fall of the Mississippi river above Natchez, use has been made of the sur- 
veys of various railroad routes mentioned in the Report. Similar 
surveys surveys have likewise furnished cross-sections of the alluvial land, and 

depth of overflow, as follows: — 

L. The survey of the Cairo and Fulton railroad company furnished a cross-section 
from Bird's landing, opposite Cairo, to the St. Francis river. 

2. The survey of the Memphis and Little Rock railroad company furnished a cross- 
scetion from Memphis to Crowley's ridge. 

8. The survey of the United States military road from Memphis to Little Rock 
furnished a similar cross-section. 

4. The survey of the Gaines' landing and Fulton railroad company furnished a 
cross-section of the upper part of the Tensas bottom. 

5. The survey of Professor Forsbey, as already stated, furnished a cross-section on 
the northern boundary of Louisiana. 

0. The railroad surveys of the Bureau of Topographical Engineers, War Depart- 
ment, furnished a cross-section from Lake Providence to Washita river. 

7. The survey of the Vieksburg, Shreveport, and Texas railroad company furnished 

a cross-section from Vickshurg to Washita river. 

The surveys of the State of Louisiana afforded the means of coin- 
Surveys by _ ( ( 
the State of piling approximate cross-sections of the Atchafalaya basin. 

Louisiana. ^ From this source a profile of the Atchafalaya bayou was prepared, 

9. Also a cross-section from Morgauza on the Mississippi to Washington on the 
bayou Courtableau. 

10. And a cross-section from Baton Rouge to Port Bare on the Courtableau. 

1 1. The surveys of the New Orleans and Onelousas railroad company furnished an 
accurate profile from New Orleans Lo Berwick's bay across the La Fourehe and Terre 
Bonne region. 

To the Chief Engineers of the Railroad Companies referred to, and to the Oflicers 

of the Engineer Department of the State of Louisiana, acknowledgments are due for 

the liberal and polite manner in which all the information in their olliees, applicable 

to the Survey of the Delta, was made available for it. 

The Survey is under especial obligation to Mr. Gt. W. It. Bay lev, 
Acknow- J l J " 

ledgments. (fuel Engineer of the New Orleans and Ojielmisas railroad company. 
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for the obliging communication of valuable information. Also to Mr. M. Lynch. Chief 
Engineer of (he Memphis and Little Rock railroad, for similar favors; tu Major II. J. 
Rauney, of New Or lean s, lessee of the new Canal, for copies of the gauge records kept 
at the mouth of the Canal, in lake lWehartrain, from February, 1850, to July, 1859} 
to Colonel W. S. Campbell, for a profile from the Mississippi river at Carrollton to 
the mouth of the new Canal, lake Pun tch art rain, and for information and assistance 
on various occasions; to Mr. Andrew Gingry, for a copy of the daily record of gauge- 
rod readings kept by him at Donaldsonville for more than five years, a highly valuable 
paper; to Mr. II. D. Mandeville, for a copy of gauge-rod observations upon bayou 
Tensas during the Hoods of 1844, 1849, 18o0, and 1S5S; to Dr. N. R Benedict, for a 
section of the artesian well in New Orleans; to Dr. B. W. Mitchell, for copies of 
meteorological observations at Memphis, Tennessee, during the year 1808; to Mr. 
Samuel Hoi Fmgs worth, for a detailed account of the occurrence and progress of the 
Bonnet-Carre crevasse of 1850, 

To Professor Joseph Henry, Secretary of the Smithsonian Institution, the Survey 
is under obligation for the communication at different times of copies of meteorological 
observations. 

To name all those who aided myself, the assistants, and numerous parties of the 
Survey, by the communication of information, would swell the list to an extent 
inadmissible in a paper intended to give merely a Yt'ry brief account of the Delta 
Survey; yet it is dilticult to decide where, precisely, to draw the line of distinction. 
Without exception, all of whom inquiries were made imparted whatever information 
they possessed, and facilitated our labors as far as it was in their power. It is hoped 
they will accept this general expression of the indebtedness of the Survey to them as 
an evidence of the appreciation of their kindness and liberality. 

The original large-scale maps and diagrams of this Survey, being i, ar g e . aoa ie 

useful in connection with other objects than those which form the maps and dia- 

" . grams trans- 

subject of this Report, are herewith submitted. They comprise: mitted to the 

Topographical sheets, thirty in number, drawn upon a scale of Topographical 
1 : 10,000, exhibiting in minute detail the topographical features from Engineers, 
the mouth of lied river to New Orleans. 

Hydrographieal maps of the Mississippi river, at Carrollton (one sheet — scale 
1 : 2000); ftt*Baton Rouge (one sheet— scale 1 : 2000) ; at Vicksburg (one sheet— scale 
1 : 7200); at Columbus (one sheet — scale 1 : T200) ; of head of bayou Atehafalayn, 
in 1851 and 1868 (two sheets — scale 1 : 2400); of head of bayou Plaque-mine, L858 
(one sheet — scale I : 1200); of bead of bayou La Koiirche. 1808 (one sheet— scale 

1 : 1200). 

Topographical maps of the survey through Yazoo bottom (two sheets — scale 
I : 50,000); of that through Tensas bottom (one sheet — scale I : 50,000); of Cape- 
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Girardeau inlet (one sheet — scale 1 : 00,00(1) ; and of the sites of the Bell and La 
Branche crevasses of 1858 (Wo sheets — scale I : 800), 

A copy, by Mr. C. Hitter, of the Topographical and llydn graphical map of New 
Orleans ami vicinity, comprised within 10 miles square, scale 1 : 12,0(10, from the 
surveys of Maurice Harrison, Esq., under the direction of the Commissioners appointed 
by the State of Louisiana, in 1846, to inquire into the most effectual means of pro- 
tecting the city of New Orleans against inundation. 

Twenty-one sheets of profiles of the alluvial region from original surveys, and 
twenty sheets purchased or presented. 

Seventy-three sheets exhibiting cross-sections of the Mississippi river and of its 
branches. 

Tin.' original field-note books, two hundred and fourteen in number, the plats of 
current measurements and of daily oscillations of the river and gulf, the sheets of 
analytical curves and of miscellaneous diagrams used in the preparation of the Report, 
numbering in alt about six hundred sheets, together with the ether records of the 
Survey, its collections and property, will he duly transmitted to the Ihtreau. 

As the surveys and investigations progressed, the great labor commenced of reduc- 
ing the observations, of assembling the results, of combining and digest- 
the^urvev. ° ' n * * nem > u ^ * m> development of the laws governing all the phenomena 
that were subjects of examination, ami, finally, of the application of 
these laws to the solution of the great problem which formed the object of the Delta 
Survey. 

This work, which was in fact the preparation of the Report, was performed by 
myself and Lieutenant Abbot. It involved an amount of tabor and study, which will 
not perhaps be fully appreciated even by professional persons. Devoted to the tusk, 
Lieutenant Abbot brought to its performance great industry, energy, sagacity, and skill 
in analysis, the fruits of which, to be found in every part of the lb-port, are particularly 
exhibited by the chapters in which the Sow of water in natural channels is treated. 
But a perusal of the Report will convey a more forcible impression of the extent and 
value of Lieutenant Abbot's labors than any terms of acknowledgment that 1 can use. 
In the mass of exceedingly intricate calculation necessarily attendant upon such a 
work, Lieutenant Abbot has been aided by Mi'. F. W. Y'aughan, a skilful computer, 
whose zeal, unwearied care, and industry in the performance of the duties he was 
employed upon, entitle him to more than the ordinary terms of acknowledgment. 

Some reference to the state of the qnestion of protection against inundation, at the 

time when the Survey of the Mississippi Delta was begun, appears to l>e 
Remarks upon . . . . 

the problem to proper here, in order that the necessity of such extended ami laborious 

thVoterati'/ns investigations as were made may be appreciated, and that it may be 
of this Survey, understood how absolutely essential jl was in every division of the 
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subject to collect fact upon Tact, until the assemblage of all revealed what were and 
what would be the true conditions of the river in every stage that it had passed 
through or could attain, and thus to substitute observed facts and the laws connect- 
ing them for assumed or imperfectly observed data and theoretical speculations. 

A wide discretion was necessarily entrusted to the ollicer in charge of the Missis- 
sippi Delta Survey. I entered upon the execution of that duty with 
an apprehension that the laws of hWing water in natural channels, SwrtaSSMtai 

as enunciated in treatises upon the hydraulics of rivers, were not was in a very 

' » . imperfect state. 

based upon sufficiently extended experiments upon natural streams, 

and, hence, that the formulae found in them could not be relied upon for the solution 
of the questions upon which the plans of protection against inundation from overflow 
depended. The system of measurements and investigations carried on at Carroll ton, 
Louisiana Vicksburg, Mississippi, and Columbus, Kentucky, while it was intended 
to render the solution of the problem of the protection of the alluvial region of the 
Mississippi against inundation independent of the laws and formulae of the books, was 
at the same time designed, in connection with other parts of the Survey, to afibrd the 
means of determining, by experiments on a far more extended scale than any ever 
before attempted, the laws governing the How of water in natural channels, and of 
expressing them in formula} that could be safely and readily used in practical applica- 
tions. The success that has attended this part of the work has even exceeded my 
expectations. Laws have been revealed that were before unknown; new formula} 
have been prepared, possessing far greater precision than the old; and improved 
methods of gauging streams have been devised. 

But the imperfect state of the science of hydraulics as applied to rivers was not the 

only difficulty to be encountered in the execution of the duty imposed 

,,, ■ , ? ,, . , mi t ] The most essen- 

upon the ofbeer m charge of this work, lhe much-agitated question t ial facts upon 

of the best method of protection against inundation had been always which protec- 

1 ° ' tion agtimst 

discussed upon assumed data, and the truth of the very groundwork inundation de- 

upou which these discussions rested had to be experimentally invest!- unknown" 
gated by this Survey. For instance, the Mississippi had always been 
regarded as Ho wing through a channel excavated in the alluvial soil formed by the 
deposition of its own sedimentary matter. So important an assumption was inadmis- 
sible; and great pains were accordingly taken to collect specimens of the bed wherever 
soundings were made, and by every means to ascertain the depth of the alluvial soil 
from (Jape Girardeau to the gulf. This investigation lias resulted in proving that the 
bed of the Mississippi is not formed in alluvial soil, hut hi a stiff tenacious clay of an 
older geological formation than the alluvion, and that the sides of the channel do not 
consist of homogeneous material; facts that have an important bearing upon all plans 
of protection. 
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Further, it was held by the advocates of the exclusive use of artificial embankments 
that the levees of Louisiana hail already lowered the hod and ilunds of 

Till-' 1 P'ffA/'t"^ t\ i 

levees were lmi Mississippi river, and that their extension throughout the alluvial 

not under- region above would still farther lower the Hoods bv deeijenmK the bed 

stood. . , . o 

mid reducing the slope of the river. The advocates of outlets, OB the 

contrary, contended that the experience of many centuries, on the Po, proved that 
levees had raised the bed and floods of that river — to such an extent, indeed, that it 
was impracticable any longer to protect the country, except by opening new channels 
to the sea. This conclusion appeared to be sustained on the authority of two distin- 
guished names, Cuvier and de Prony, While the investigations of the Delta Survey 
have rendered untenable that position of the advocates of the exclusive use of levees 
On the one hand, the investigations of the Chevalier Ella Lombard ini have shown the 
supposed facts advanced by the latter class to be entirely erroneous, and their appre- 
hensions to he unfounded. 

The effects of cut-offs were likewise the subjects of controversy among engineers, a 

controversy which the measurements of the Delta Survey must set at 
The effects of • J 

cut-offs were rest, since they demonstrate that cut-offs raise the Hoods below them, 

a conclusion sustained by the well-established effects of such works 
upon the Po and Adige. 

Outlets were advocated by some engineers because they were considered a ready 

and inexpensive means of reducing the floods, On the contrary, they 
outlets had not were objected to by others because, as they claimed, outlets would raise 

been investi- (he bed and Hoods of the river. 'J 1 he investigations of the Delta Survey 

gated. 

prove that outlets, in the few localities where they are practicable, may 

be made to reduce the floods to ;my desired extent hi certain divisions of the river; 
but that they would not be inexpensive, and would entail dangers and disasters which 
should not be risked. These conclusions, it is shown, are sanctioned by the experience 
of Europe, upon the Po, the Rhine, and the Vistula. 

The effect of a great swamp like that ul" the Yazoo upon the Hoods of the Missis- 
sippi, a subject that has formed the theme of speculation for at le;ist 
great swamp thirty years, 1ms also been established by the collection of facts; as 

like that of the JJJ^^rjge the law governing the rise, fall, and discharge of the river 
Yazoo was mis- p ° 

apprehended, throughout the alluvial region; the manner in which the Hood is 

Ctc+ Etc* 6tC+ 

propagated; the modifications introduced by tributaries; the succes- 
sion frf river stages; the drainage of its b:isin and that of its tributaries; the propor- 
tion of drainage to downfall; and the discharge of outlets: in fact, every river phe- 
nomenon has been experimentally investigated and elucidated. 
The problem Thus every important fact connected with the various physical 

of protection eonditions of the river anil the laws uniting them being ascertained, the 

against over- . _ a 

flow solved. great problem ol protection against inundation was solved. 
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At the mouths of the river, a similar course has resulted in the development oi" the 
law tinder which the bars are formed, the depth upon them maintained, 
and the regular advance into the gulf continued; and, as a conse- lating the 
quenee, the principles upon which plans for deepening the channels depths at .the 
over them should be based, and the best mode of applying them. The river deduced, 
rate at which the river progresses into the gulf, and the extent, thick- 
ness, and relative level of the alluvial formation having been ascertained, its probable 
a"'e has been estimated ; and the ancient form of the coast, and the changes that have 
taken place in the present geological age, have been surmised. 

The Report exhibits in detail the investigation of each of these sabjecta, and nianj 
others not enumerated in this letter. Based upon extended survey and 
investigation in the held, made at times under circumstances of great mbmitiSt 

exposure, it contains the results of many years labor, comprising labo- 
rious oifiee work extended research, patient investigation, and exhaustive mental effort. 
The association of Lieutenant Abbot with me in this duty has been of such a character 
that the title of the Report should bear his name as well as mine. I beg leave there- 
fore to submit it herewith, to the Bureau of Topographical Engineers, as our joint 
Report upon the Survey of the Delta of the Mississippi river. 

Very respectfully, your obedient servant, 

A. A. HUMPHREYS, 

Gttptain Tojiographiml Engineers, U. A'. Army. 
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Throughout this Report and the Appendices, "Old 
Style" figures are employed to indicate interpolation. 
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CHAPTER I. 

BASIN OF THE MISSISSIPPI RIVER. 

Natural subdivisions. — Bed river basin. — Uoil river.— lis slope, dimensions of cross-section, range, navigation, 
succession of stages, and grant floods. — Its tributary, Blftek river, with the principal branches, Washita river 
and bayou Tensas.— Basin of Arkansas and White rivers.— A rknusus river.— Its slope, dimensions of cross- 
section, range, annual succession of stages, and great floods.— Its tributaries, Canadian and \Vliite rivers. — 
St. Francis basin.— Boundaries and area.— Topography.— Geology of the bottom lands. — Their growth.— Tin mi- 
floods. — St. Francis river. — Mounds, eta, — Missouri basin. — Missouri river. — Its slope, raage, width, and navi- 
gability. — Its tributaries, the Niobrara, the Platte, the Kansas. — Upper Mississippi bosiu. — Upper Mississippi 
river. — Its slope, range, and dimensions of cross-section, — Its tributaries. — Ohio basin. — Ohio river. — Its slope, 
rniifie, dimensions of cross-section, discharge, annual succession of stages, and great floods. — lis tributaries. — 
Yazoo basin. — Boundaries and area. — Topography of the bottom lands. — Their geology. — Their growth.- — Their 
floods. — Yazoo river.— Indian mounds, etc. — Basins of small direct tributaries. — The Maramcc. — The Kaskaskia. 
The Obion.— The Big Black.— Tabular summary of Mississippi basin. 

Tiit: Mississippi drains the greater part of the territory of the United States lying 
between the Alleghany and the Rueky mountains, (See plate I.) Its jj a t ur al divi- 
basin, mure than equal in area to the whole continent of Europe, ex- sions of the Mis- 
elusive of Russia, Norway, and Sweden, is greatly diversified in features, S1SB1 PI" va *f' 
in soil, in climate, and in productions. A knowledge of the hydrographic relations of 
the different parts of this basin .to the main river is essential to a full appreciation of 
all the elements of the problem the solution of which forms the subject of this report. 
The region is too vast and diversified to be treated under a single head, and some 
convenient and natural subdivision is therefore to be sought. 

The true Mississippi river begins at the confluence of the Missouri and Upper Mis- 
sissippi. It has eight principal tributaries, which, in the order of the magnitude of 
their basins, are the Missouri, the Ohio, the Upper Mississippi, the Arkansas, the Red, 
the White, the Yazoo, and the St. Francis. It may excite some surprise that the two 
latter are included in this category, but it will be hereafter seen that, although com- 
paratively small streams, they are important from their position and volume of dis- 
charge. Just below the confluence of Red river is found the first of the bayous which, 

5 
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fed by the Mississippi, discharge into the gulf. Below this point, the Mississippi receives 
no appreciable increase from tributaries 5 it. may, therefore, for these two reasons be 
considered the head of the delta. 

The delta and the basins of the eight tributaries form natural subdivisions of the 
great basin. They include the whole area except l!ie small basins of several com- 
paratively unimportant branches, which may lie classed together under one general 
heading. As it is proposed to state, in tins chapter, such facts in relation to these 
several subdivisions as shall exhibit their hydrographies relations to the main river, it is, 
in some sort, an introduction to the report. 

UV.LTX 01'' TJ1E WISSJSSIFPL 

There are many questions intimately connected with this division of the valley, 
which cannot be properly treated here, because they require a knowledge of facts and 
principles hereafter 1 1 » 1m- mentioned. For Ibis reason, all remarks upon the delta 
of tin- Mississippi will be deferred for the present, and the subject be treated by itself 
in Chapter V!I. 

BSD RIVER UASJ.V. 

Few regions so limited in extent an this basin contain districts so entirely dif- 
ferent in character. Its total area is only D7.<M)f) square miles, yet tt 
sitv of character" enc ^ ose8 hirge tracts of the richest Mississippi alluvion. a range of primi- 
tive mountains of considerable altitude, numerous lakes, a rolling and 
tolerably fertile prairie country, and an uncultivable tract of salt desert. The annual 
fall of rain varies from 15 inches in the western to (1-3 inches in the eastern portion; 
the climate is mild throughout the whole region. There is very great varieiy in the 
productions of the soil. 

/'<</ rim-. — The sources of tins river were first explored by Captain Marey, 
U. S. A., in 1852. The river rises in the eastern rim of the vast and 
sterile desert plain called el LUtno Estacado^ at an elevation of about 
2500 feet above the sea. Its extreme source, situated in a deep ravine, is thus 
described by Captain Marcy : ** The gigantic escarpments of sandstone, rising to the 
giddy height of 800 feet upon each side, gradually closed in until they were only a few 
yards apart, and finally united overhead, leaving a long, narrow corridor beneath, 
at the base of which the head spring of the principal or main branch of lied river 
takes its rise. This spring bursts out from its cavernous reservoir, ami, leaping down 
over the huge masses of rock below, here commences its long journey to unite with 
Other tributaries in making the Mississippi the noblest, river In (be universe." 

The ravine, some (SO miles in length, through which this stream escapes from I lie 
Its gorge LIhiki, is described as follows: "Oar course was very circuitous, from 

through the being obliged to follow the windings made by the numerous detours in 

Llana the river. The lofty escarpments, which bounded the valley upon each 

side, ruse precipitately from the banks of the river to the enormous height of from 500 
to SOW feet; and in many places there was not room for a man to pass between the foot 
of the acclivities ami the river. It was altogether impossible to travel upon either side 
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of the river, so much broken and out up was the ground; and the only place where a 
passage for a horse can be found is directly along the defile of the river bed. We found 
frequent small rivulets flowing into the river through the deep glens upon each side, 
but, most unfortunately for us, the water in them all was acid and nauseating." Tins 
hitter peculiarity is characteristic of upper Red river. Except for the first two miles, 
the whole valley above the junction of the North fork, which enters some 160 miles 
below the source, is characterized by water '"exceedingly mi palatable," producing 
" sickness at the stomach, attended with loss of appetite and a most raging and feverish 
thirst." This is attributed by Captain Marcy to its traversing a gypsum formation, and 
not to the presence of common salt in solution. 

The following is Captain Marcy's description, when ascending the river, of the point 
where it debouches from the Llano Ssktcatfo: ''After marching S miles 
over a succession of very rugged hills nod valleys, which rise as they fcpm&eiaww. 
recede from the river, we reached the base of these towering and ma- 
iestic cliffs, which rise almost perpendicularly from the undulating swells of prairie at 
the base, to the heisrht of S (| *' foot, and terminate at the summit in a plateau almost as 
level as the sea, which spreads out to the south and west like the steppes of Central 
Asia, in an apparently illimitable desert. 

"1 supposed, from the appearance of the country at a distance, that 1 should he 
able to find a passage for the wagons along at the foot of these cliffs; hut, upon a closer 
examination. Unci the ground between them and the river so much cut up by abrupt 
ridscea and deep glens, that it is wholly impracticable to take our train any farther up 
this branch of the river. We have sought for a passage by which we might take the 
trains to the top of the bluffs, where, as they run nearly parallel to the course of the 
river we might have continued on with the wagons; but, after making a careful 
examination, we have abandoned the idea, not being able to discover a place where 
we could even take our horses up the steep sides of the precipice. 

"The «eolugical formation of these bluffs is a red. indurated clay, resting upon a red 
sandstone, overlaid with a soft, dark-gray sandstone, and the whole capped with a 
white calcareous sandstone, the strata resting horizontally, and receding in terraces 
from the base to the summit." 

About 8 miles below the edge of the cliffs the river is ''nine hundred yards 
wide, flowing over a very sandy bed, with but little water in the ^ gypsmn 
cliannel, and is fortified upon each side by rugged hills and deep gullies, desert prairie . 
over which I think it will be impossible to take our train. The soil 
throughout this section is a light ferruginous clay, with no limber except a few hack- 
U-rry'and Cottonwood trees upon the banks of the streams. There is but little water 
either in the river or in the creeks, and in a dry season I doubt if there would be any 

found here." 

Below this point the bluffs were so near the bed of the stream that Captain Marcy 
was obliged to leave it and travel over the sterile prairie, lie continued to do so for 
the rest^of the route, and gives no further facts respecting the river. The first 
important tributary Is the North fork, which enters on the western border of the 
Witchita mountains. This range lies upon the eastern boundary of the gypsum desert 
region and a great change takes place in the character of the country. 
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Approaching them from the west, Captain Mnrcy states: "The mountains here appear 

to be in groups or dusters of detached peaks of a eonica! form, indica- 
The Witchita ,■ .... . : , . , . ... 

mountains. tm £ rt V(J ' cllmc OHgin, witli smooth, level glades intervening, and rising, 

as they do, perfectly isolated from all surrounding eminences upon the 

plateau of the great prairies, their rugged and precipitous granite sides almost denuded 

of vegetation, they present a very peculiar and imposing feature in the topographical 

aspect of the country. From the fact that the ground occupying the space between the 

mountains is a level, smooth surface, and exhibits no evidence of upheaval or distortion, 

may it not with propriety he inferred that the deposition here is of an origin subsequent 

to that of the upheaval of the mountains?" * * * * * * 

* * « "'We [] n d th e m \\ g 0CH j a i a \\ places near the mountains, and the country 
well wooded and watered. The grass, consisting of several varieties of the grama, is 
of a superior quality and grows luxuriantly. The climate Is salubrious; and the 
almost constant cool and hracing breezes of the summer mouths, with the entire 
absence of anything like marshes or stagnant water, remove all sources of noxious 
malaria, with its attendant evils of autumnal fevers." * * * 
"Within a distance of six miles around our camp, 1 should estimate the amount of 
woodland at eight thousand acres, Tlte grass is of the very best quality, and the soil 
cannot be surpassed lor fertility. We arc, at tins place, directly at the base of one of 
the most lofty and rugged mountains of the range. Its bare and naked sides are 
almost destitute of anything in the shape of a tree or plant, and it is only here and 
there that a small patch of green can he discerned. Huge masses of tiesh-eolored 
granite, standing out in jagged crags upon the lofty acclivities, everywhere present 
themselves to the eye, and the scenery is most picturesque, grand, and imposing." * * 

* :i: * "Several gentlemen of the party ascended the mountain near our camp 
this evening, aud obtained a fine view of the adjoining country. They discovered that 
there were three distinct ranges running from northeast to southwest; at this place 
they appear to be united in one chain, and there seems to be no pass practicable for 
wagons in this vicinity." 

* * * "The most elevated mountain in the Witchita chain I have taken the 
liberty, in honor of OUT distinguished commanding general, tn call ' Mount Scott,' This 
peak, towering as it docs above all surrounding eminences, presents a very imposing 
feature in the landscape, and is a conspicuous land-mark for many miles around. The 
altitude above the base, as determined by triangnlation with the sextant, is L136 
feet." 

Of the eastern base of the chain, Captain Marcy states: "The more we have seen 
of the country about these mountains, the more pleased we have been with it. Indeed, 
1 have novel- visited any country that, in my opinion, possessed greater natural local 
ad van tages f» a agri cu 1 1 u re than this." 

The next striking feature of the valley is the " CroSS-timbers,'' lying between long. 

68? and long. U7°. " This extensive belt of woodland, which forms one 
Thfi Cross- » » 

timbers, "'' * UL1 inti ^ prominent and anomalous features upon the lace of the 

country, is from S to SO miles wide, and extends from the Arkansas river, 

ill a southwesterly direction, to the Bra/.os, some Kill miles. At six different points 

where I have passed through it. I have Ibuut] it characterized by the same peculiarities — 
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the treas consisting principally of post-oak and black-jack, standing at such intervals 
that wagons can without difficulty pan* between them in any direction. The soil 
is thin, sandy, and poorly watered." ! ' ! * * * :!: * * * * 

" Upon the east wide there are numerous spring-brooks, flowing over a highly prolific 
soil, with a superabundance of the best of timber and tin exuberant vegetation, teeming 
with the delightful perfume of flowers of the most brilliant hues; here and there inter- 
spersed with verdant glades and small prairies, affording inexhaustible grazing, and the 
most beautiful natural meadows that can be imagined; while on the other side com- 
mence those barren and desolate wastes, where but few small streams greet the eye of 
the traveller, and these are soon swallowed up by the thirsty sands over which they 
ttow. Here but little woodland is found except on the immediate borders of the water- 
courses." 

East of the "Cross-timbers" the False Washita mutes with Red river, and the main 
stream (lows, through rich and densely-wooded alluvial bottoms, to the 
head of the celebrated "'raft." Tins raft is composed of an immense ra ^ 
accumulation of drift-logs — some Boating, and others so water-logged as 
to sink, and thus still more effectually block up the channel. From the rotting of the 
loirs at the lower end, find the fresh accessions at the upper end, the raft gradually 
moves up stream. Its lower extremity was once at Natchitoches, if not, as many sup- 
pose, still farther down the stream. Large sums have been expended by the United 
States government in its removal. In 1854 it had advanced to a point 0.^ miles above 
Shreveport, Its length was then 13 miles, and it was forming at a rate of 1.5 to 2 
miles per year. The following extracts from the report of the United States agent and 
engineer, Mr. C. A. Fuller, dated January 18, 1855, convey interesting information: — 

« Mv survey was made during the low water of November ultimo, and embraced a 
region of country extending from the outlet of Red bayou to Shrevcport — a distance of 
about 75 miles." * * * "The total fall of the low-water surface of the river, 

from the head of Red bayou to Shreveport, is 30.60 foot. From Red bayou to the 
head of the present raft, a distance of 44 miles, but little if any fall exists — the raft 
acting as a dam, and backing the water for some 20 or 30 miles above. The cross- 
section lines, run from the river, show that the surfnee of the country has a gradual 
fall from the river westwardly of about 54 feet to the mile; while the difference of 
level of the water surfaces is about 33 feet on the same section— a little over 1 loot to 
the mile; consequently, at low water the river has a constant tendency to flow to the 
west through every natural outlet, deserting its old channel, which runs, as it were, 
upon a ridge, and seeking a lower level near the bluffs that border the western shores 
of the lakes ; while at high water, the banks being submerged, the currents naturally 
follow the same direction. The obstruction of the raft has thrown a large proportion 
Of the water of the river (about three-fourths) through two natural outlets (Dooley's 
and Red bayou) into Soda lake, affording a navigation around the raft [right bank], 
which is constantly improving as the action of the water widens and deepens these 
channels. The channel of Red river, from the head of the present raft to Shreveport, 
besides being thus elevated, exhibits such an entire deficiency of width, depth, and fall, 
that, upstream currents are found through mure than one-half of its distance during 
every freshet. The bed Is strewn with logs, stumps, etc. The stream is not only 
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1 1 arrow, In it very tortuous; and although a navigable channel might he opened through 
it, at great expense, for short periods only, its want of capacity lor carrying raft would 
be a fatal objection to the permanency of its navigation/' 

* * * "Tins portion of lied river, therefore, having neither the capacity to 
carry raft, or capability of being made subservient to the purposes of navigation, forces 
us to look for other channels in the vicinity to attain our object. Of the natural 
outlets, Hooky's bayou appears most capable of improvement and best adapted to our 
purpose, being the shortest, widest, and deepest; its currents strongest, and its soil the 
lightest alluvial, and consequently the easiest washed. I propose, as will he hereafter 
explained, to open the navigation through this bayou into Shi flail lake (see map), 
thence through Stumpy bayou to Soda lake, and thence through Soda lake and Twelve- 
mile bayou to Shrevepml. making a distance of about 40 miles, in which we w r ill 
have the same fall as is found by the river in a distance of 70 miles, viz., 36.60 
feet." 

Below the raft, Red river traverses a fertile and populous country, of which no 
description is necessary here. The stream is interrupted by two small 
rapids just above Alexandria, where the binds leave the river and 
artificial embankments become necessary to protect the country from 
inundation during river floods. In 1858 the levees only extended to Dunn's bayou, 
about 25 miles below Alexandria, and were restricted to the right bank. 

The following table, exhibiting the slope of the Red river, has been compiled from 
the best available authorities. The elevation at Shreveport was 
determined by the levels of the Vieksbnrg and Shreveport railroad; 
the elevation of the head of the raft above that point, by Mr. Puller's 
levels; the elevation at Fulton, by the levels of the St. Louis and Fulton, and Gaines' 
landing and Fulton railroads. The authorities for the data upon which the table is 
formed are stated, because they confirm the fact of the extraordinary reduction of 
slope above the raft, indicated by the table. 
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The width of the Red river between its banks, eight miles below the point where 
Its width lt ' ssm ' s inm tlu * Idano Estaeado, is 2700 feet; just below the mouth 

of North fork, 2000 feet; about 50 miles below the mouth of this 
tributary, 2100 feet; at the mouth of the Rig Witchita, 600 feet; at Alexandria, 720 
feet; at mouth of Black river, 785 feet; at mouth. I SOU feet. These numbers indi- 
cate the characteristic variation in width. While traversing the sandy desert, the 
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river spreads out to a width greatly disproportionate to the depth.; but when the more 

fertile and clayey soil is entered, it contracts to the norma] dimensions corresponding 
to its discharge, 

The depth of Red river varies inversely as its width, being only 6 or 8 feet, even in 
floods, throughout the desert, while it is some 50 feet in the fertile 
region. In extreme low water a depth of 3 feet may k- depended upon It3 tlepth " 

below Alexandria, about 4 feet thence to the head of the raft, and 1 ibot thence to 
Fort Towson. 

Steamers of 4 feet draught can ascend to Shreveport at any time except in extreme 
low water, but to Fort Towson or even Fulton, for only about three 
months in the year, and frequently only run in one direction during 
a single rise. The river above the raft rises and falls more rapidly than the Arkansas, 
and thus is less favorable to navigation. The raft also is a serious obstacle, as it 
requires the boats to leave the channel and pass through lakes ami bayous. 

The high-water area of cross-section throughout the desert country 
is probably about 12,000 square feet, and in the cultivated region from Its Rrea ' 

30,000 to 40.(100. 

The range of the river is greatly alloc ted by the raft. Thus at Foil Towson it 
is some 45 feet, the maximum (January 27, 184M) being 51 feet; at 
Fulton it is 85 feet; at the head of the raft, if) feet; at Shreveport, 25 Its range " 

teet; at Alexandria, 47 feet; at the mouth, do feet. These numbers illustrate the 
effect of lakes in moderating Hoods. 

The raft also greatly modifies the normal succession of stages in the lower river, by 

equalizing the How of the freshets, which are very sudden above the 

raft. They are mainly due to heavy rains in or east of the Witchita r , ts s ucce!lsiou 

" mi ■ stages, 

mountains. The following extract from Captain Marcy's report is 

interesting in this connection: — 

"May IS [1852]. ® :iI * We encamped upon a small allluent of Cache creek, 
where, on our arrival, we found no water except in occasional pools along the bed; 
however, in the course of an hour, some of the men who had gone a short distance up 
the creek came running back into camp and crying at the top of their voices, 'Here 
comes a plenty of water for us, boys!' And, indeed, in a tew minutes, much to our 
astonishment ami delight (as we were doubtful about having a supply), a perfect 
torrent came rushing down the dry bed of the rivulet, filling it to the top of the banks, 
and continued running, turbid and covered with froth, as long as we remained." 

These rains occur with great irregularity, but generally during the winter and 
spring. Modified by the lakes of the raft country, they usually serve to maintain the 
lower river in a. good boating condition from December to June or July, the remainder 
of the year being the sea.son of low water. The Jluoth of the lower river have their 
immediate origin in the contributions of Rocky bayou, Cane river. Darrow bsiyou, and 
a host of other small streams, which rapidly collect any wide-spread and continuous 
rain in the region below the raft, and pour it at once into the channel of the main 
river, already well filled by the water draining from I lie lakes of the raft district. For 
this reason, the dates of the freshets of lied river are variable. 

The moderating iniluenee of the raft lakes upon the fioods of the river is now used 
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to its utmost capacity by the works nature herself has established. The moderating 

effect of the lakes below the mft might probably he rendered greater, hut could hardly 

he relied upon to influence materially the Hoods of the Mississippi. 

No complete records are to he had respecting the great Hoods of Red river; but the 

following facts have been collected from reliable sources. The highest 
Its great floods, . , ., ... . T _ , . 

water ever recorded at l<ort lowson occurred on January 27, 184-3. 

At Alexandria, the greatest Hood on record was highest on August 15, 184!*, the river 

then being 47 feet above its very lowest stage (attained in the summer of 185b, the 

autumn of 1855, and the autumn of 1851). The second greatest flood was highest on 

March IS, 1801, and was 1,1 feet below the high water of 1840. On April 22, 1858, 

the water was only 3 feet below the flood of 184 9, and was about equal to the highest 

stand of the river in 1828 and in 1 844. At the mouth of Black river, within the 

influence of the Mississippi, the highest tlood on record is that of 1828, which was 5 feet 

above that of 1850, and 8 feet above that of 1844, these being the only Hoods since 

1828 which have risen above the high natural banks at that locality, 

With reference to the origin of the peculiar red color w hich gives I lie name to this river. 
The peculiar ,H) vr) T definite information has been obtained, but the color is probably 
color of its derived from the red clay of the gypseous formation in which the upper 

water ' course of the river lies. Captain Marcy states that the North fork, at 

ttie mouth of Otter creek, among the Witchita mountains. £i is only 120 yards wide j 
the banks of red clay are from 3 to 8 feet high, the water extending entirely across the 
bed, and at this time (a high stage) about 6 feet deep in the channel, with a rapid 
current of 4 miles per hour, highly charged with a dull-red sedimentary matter, mid 
slightly brackish to the taste" He states that this red clay is found in the bluffs of the 
Llano Estacado, and it is therefore probable that the river has its characteristic color 
throughout its whole extent. 

Trihiifarh*. — The only tributary of Red river which requires particular notice, is 
Black river. The stream known by this name is formed by the junction 
of Washita (the Indian mime for Ulack) river. Little river, and bayou 
Tensas, and is only 54 miles in length. It is a deep, navigable river throughout, with 
an extreme range of about 50 feet (high water of 1828 to low water of 18 3D and 1850). 
Prom a point about 20 miles above its mouth, it is leveed continuously to the junction 
of the three rivers. It has an average width of about 800 feet, and an average area of 
cross-section of about 30,000 square feet. 

Of its three branches, Little river is a mere drain from Catahoula lake, and requires 
no especial notice. 

Of Washita river. Darby stales it -draws its source from the mountainous prairies 
„ T , , . between Bed and Arkansas rivers, about :) 5" SO 1 \V. long., and 34° 

Vv fisliitii rivci'- 

N, hit. From this elevated steep anse many other streams, which, 
winding over this broken region, at length unite above the Hot springs, and form the 
Ouacbitta" [Washita]. 

'■The mountain* out of which the Ouiiclutta flows are composed of secondary 
materials, marine exuvim are everywhere found [nixed with the schisf us, argillaceous 
earth, and other matters that compose the face and interior of those rugged mountains. 
The whole face of the country indicates marine submersion at some remote period. 
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"The Fourchc an Oado, Little Missouri and Saline branches of Ouachitta, rise in 
the same ridge with the principal stream. 

"The lands around the head of Ouachitta partake of the sterility of the great salt 
plains of Texas, which indeed they very much resemhle. Southeast of the Maserae 
mountains, on the waters of Little Missouri, the soil becomes of better quality, and 
some tracts are extremely fertile. Indications of metals become more, rare, timber is 
abundant, and the prairies imperceptibly disappear. Pine and that species of oak 
known by the appellation of upland black oak are frequently met with in large bodies. 
Ash, linden, dogwood, and other timber, the usual growth on good second-rate land, is 
likewise plentiful. The soil is adapted to the culture of small grain, to legumea, the 
potato, and almost every plant and herb suitable to the climate." * * * 

"Few rivers differ more in the quantity of water at different seasons than the 
Ouachitta. Flowing from a hilly or mountainous tract, more constancy might be 
expected in the column of water; but though the places drained by the Little Missouri 
and Fourchc an Cado are not deficient in springs, yet the extensive region toward the 
sources of Ouachitta has little water except what is supplied by rains in winter and 
spring. When the parching heat of summer has dried the country above the mouth 
of the Little Missouri, the Ouachitta becomes very low as far south as the head of 
Black river." 

* * * "About 33° 10' of north latitude, the Saline, a small river from the angle 
between Ouachitta and Arkansas, falls into the former river. The Saline rises 1^ 
miles east of the Hot springs, and pursuing a course nearly parallel to Ouachitta river, 
about 120 miles of comparative length, is navigable 70 or SO miles from its month with 
boats of considerable size in time of high water,' 1 * * * * 

"The river Barthclemy falls into Ouachitta three miles below the Dcrbane, but 
from the contrary side. The Barthelomy rises near the Arkansas, and has a course of 
upwards of 100 miles of comparative length. The banks are high and not subject 
to inundation, and are composed of second-rate land; some of the bottoms, however, 
are equal to any lands on Red river." 

The third branch of Black river, bayou Tensas, is the chief drain of a large region 

bordering upon the Mississippi and subject to annual inundation by that 

", , , ,..„.. . '., Bayou Tensas 

river. The general characteristics Ot this region are the same as those branch. 

of the Yazoo and St. Francis bottom lands, which will soon receive 

detailed notice. The boundaries of this region are laid down on plate 11, and the 

general configuration of the country is well shown by plate IV. The bayou Tensas 

heads in lake Providence, and after being joined by a parallel stream, bayou Macon, 

which heads above Gaines' landing, and by many other swamp-land drains, becomes a 

river some 000 feet in width and 16,000 square feet in cross-section in the high-water 

season of the year. The gradual extension of the levee system upon the banks of the 

Mississippi has deprived tins net-work of bayous of their chief supply of water, and 

fchey now never rise to the level of their banks except upon the occurrence of many 

lariie crevasses in the Mississippi levees. Formerly, the whole region was deeply 

inundated in floods, In 1828, when the greatest inundation of which there is even a 

tradition occurred, the average depth of the water across the swamp on the Louisiana 

boundary line was 7.1 feet; and between Vidalia and Harrisonburg, 7.7 feet The 

8 
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mean depth throughout the whole swamp was probably as much as 7 loot. This 
inundation, however, was fully 8 loot deeper than any other of which we have records:, 

A party of tins Survey, in charge of Mr. H. A. Pattisiai, (J. EL, made a level a ltd 
transit survey of the route from Yidaba to Harrisonburg in January, 1851). The fol- 
lowing facta are taken from Mr. Pattison's report. To be fully understood, they require 
a reference to the description of the Yazoo swamp contained in a subsequent part of 
this chapter. 

The soil is altogether similar to that between the Mississippi and Sunflower rivers 
in the Yazoo bottom. On the eastern bank of bayou Tensas, there are some light and 
sandy ridges; but to the westward, as far as the high bluffs near Harrisonburg, the soil 
is of tough, sticky clay, more or less impregnated with lime. Many wells have been 
dug near the line of survey, generally to a depth of IS or 20 feet, penetrating strata of 
clay, sand, and gravel. Blue clay is frequently but not always found. Water reached 
in its immediate vicinity is invariably unhealthy. Water circulates through the sand 
strata, causing the. wells near the banks of the Mississippi and bayou Tensas to oscil- 
late with those streams. 

The growth upon the route examined by Mr. Pattison was similar to that found 

near his line across tin? Yazoo bottom, but between the Mississippi and bayou Tensas 

was apparently older. West of the bayou, it was much younger. East of the Tensas, 

many large cypresses of immense age, probably the remains of cypress brakes, are 

found mingled with the other timber. The growth consists mainly of white, cow, 

Spanish, willow, black, and red oaks, sweet and black gum, holly, privet or elbow tree, 

swamp dogwood, red and black haw, elm, sassafras, papaw, pecan, hickory, very little 

walnut, willow, cotton wood, but only on the borders of huge streams, haeklierry, white 

ash, and tupein gum. In low, flat, and swampy ground, spioewood, palmetto or palm, 

grape and muscadine vines grow to great size. Most of the underbrush peculiar to a 

rich soil is found iu great profusion throughout the swamp. 

Slope of Black The following data have teen collected respecting the slope of Black 

river and its - , , ,. ., ' ■ ■ , , . . 

tributaries. river and oi its principal tributaries: — 

High-water SI<>jh <</ WiMhiia and Black Hirers, 
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The elevation in the flood of 1828 of the water surface of bayou Tensas at the 
crossing of the Vidalia and Harrisonburg road was G8 feet above the gulf; that of hike 
Providence, its source, being about 12*2 feet above the same level. The natural bank of 
bayou Tensas was covered about o ivui deep in that groat flood. 

The high-water elevations above the gulf of bayou Bartholomew and Saline river 
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where crossed by the Gained landing and Fulton railroad, are 144 and 121 feet 

respectively, the ranges between low and high water being 19 and 25 feet respectively. 

HASIN OP THE ARKANSAS AMI WHITE HI VERS. 

The western border of this region lies among the summits of the Rocky mountains. 
The middle portion comprises the great sterile plain which spreads 
between the mountains and the 07th meridian of longitude. The east- General char- 
em part contains the rich alluvion of the Mississippi valley. Its total 
area is 189,000 square miles. Although great diversity of climate and production is 
found in this region, less than halt" its area is capable of supporting a civilized popula- 
tion, the greater part being adapted only to the wants of a nomadic race. 

Arkansas rwer. — The extreme sources of this river were first explored by Lieutenant 
Pike. V. S. A., in 1806. They lie among the mountains westward of 
the South Park, in ha. 39' D& and long, 106 6 Oil', at an elevation Extreme BOUrce ' 
of about 10,000 feet above the level of the sea. The stream is at first a mountain 
torrent, losing about half of its elevation above the sea in the first 150 miles. The 
following description of the point where it issues from the mountains is taken from the 
report of Major Dong, who visited this region in 1820: — 

"The river pours with great impetuosity and violence through a deep and narrow 
fissure in the gneiss rock, which rises so abruptly on both sides to such j, oint wtere 
a height as to oppose an impassable barrier to all further progress. Ac- it leaves the 
cording to the delineation of Pike's route, upun the map which accom- mountains, 
ptinies bis work, be must have entered the mountains at this place; but no corrobora- 
tion can be derived from his journal. It appears almost incredible that he should have 
passed by this route and have neglected to mention the extreme difficulty which must 
have attended the undertaking." For the next SO miles the Arkansas "has an average 
breadth of about GO yards, it is from 8 to 5 feet deep, and the current rapid. At the 
mountains the water was transparent and pure, but soon after entering the plains it 
becomes turbid and brackish." 

After leaving the mountains, the stream traverses a sterile, hilly region, sustaining 
considerable timber. The hills gradually diminish in size until they 
subside into the plain to the westward of Bent's Fort, near the meridian Bi „ ben{ 5 
of 104°. Between that point and the great bend of the Arkansas, the 
country is sufficiently described in the following extracts from Major Emory's report 
upon General Kearny's route in 184$, Speaking of the river, he says: "Its bed is of 
sand, sometimes of rounded pebbles of the primitive rock. It is seldom more than 150 
yards wide, and, but for the quicksands, is everywhere fordable. The bottom land, a 
lew feet above the level of the water, varies in width from half a mile to two miles, 
and is generally covered with good, nutritious grass. Beyond this, the ground rises by 
gentle slopes into a wilderness of sand hills on the south, and into prairie on the north. 
********** 

"The soil of the plains is a granitic sand, intermixed with the exuvia? of animals 
and vegetable matter, supporting a scanty vegetation. The eye winders in vain over 
these immense wastes in search of trees. Not one is to be seen. * * * 
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u The narrow strip which L have described as the bottom land of the Arkansas, 
varying from half a rnilo to two or three miles wide, contains a luxuriant growth of 
grasses, which, by the judicious selection and distribution of the camps, sustained all 
the animals of the Army of the West while on the river. The only tree of any mag- 
nitude found on its course is the cottonwood (Pupuhis Canadensis), and it frequently 
happens that not one of these is seen in a whole day's journey, and the bulfalo dung 
and wild sage constitute the only 1'iuj to be procured. About 35 miles before reaching 
[east of] Bent's Fort is found what is called the ' big timber.' Here the valley of the 
river widens, and the banks on either side fall toward it in gentle slopes. The 'big 
timber' is a tbinly-scattered growth of large cotton woods, not more than three-quarters 
of a mile wide, and three or four miles long." 

The following facia respecting the Arkansas between the Big bend and Fort Smith 
Thence to Port im ' ^ken '' rom luy report of Captain Bell, who led a detachment of 
Smith and the Major Long's party down the left I tank of the Arkansas in I8"2G. 
moutl1 " The first timber was found in the valley of the Little Arkansas, it 

consisted partly of honey-locust and buttonwood, but chiefly of Cottonwood, elm, and 
ash. A few miles farther on. (be blulls, hitherto remote from the bed of the river, 
approached so closely as to render it necessary to travel upon them. The plain became 
more densely covered with grass. Ravines were more abundant, and, together with the 
banks of the river itself, became well wooded. The water of the Arkansas, hitherto 
fresh, began to be slightly brackish from the contributions of saline creeks upon the 
right bank. Below what is now called Suicide creek, "the river bottom becoming very 
narrow obliged us to ascend upon the high grounds, which we limud to be little less 
than mountainous, often rocky and steep, and, as usual, intersected by profound ravines." 
" We were now traversing a high ridge of country, which at many 
points may be safely estimated at 5(10 feet above the surface of the river, and wooded 
to a great distance from the stream." ********* 
"In the course, of a few miles we arrived at the edge of this forest, which here 
crowned a much elevated region. It was in fact higher, in proportion to the surface 
before us, than any other portion of tin.; country wo had seen on this side of the moun- 
tains. The eye from this height roved over a vast distance of prairie and comparatively 
low country." Below the Cimarron, "we were all immediately struck with tin. 1 change 
in the appearance of the water of the river. No longer of that pale clay color to which 
we have been accustomed, it has now assumed a reddish hue hardly unlike that of the 
blood of the human arteries, and is still perfeotly opaque from the quantity of an earthy 
substance of this tint, wbich it holds in suspension; its banks and bars are, from deposi- 
tion, of the same color." A lew miles farther on, he states; "The prairie is now very 
fertile, interspersed with pleasing groves of oak, ami swelling on either baud and in Lbe 
distance into remarkable pyramids and conical hills, of which the summits are rocky. 
The spice-wood (Laurus benzoin) and the pecan (Carya ohvai'oninsj first occurred 
to-day." This character of country extends to Fort (iibson. which is situated at the 
head of navigation. The remaining 042 miles of the river traverses a fertile and set- 
tled region, of which nothing need be said here, except that it has been found necessary 
to levee both banks below Pine hi nils, in order to restrain the floods. 

With reference to the river itself, Oaptaitt Bell states: "The Arkausa, below the 
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to 



Great bend, becomes more serpentine than it is above, and very much obstructed by 
sandbars and inlands, either naked or clothed with a recent vegetation; they are but 
little elevated above the water, and are covered to some depth during the prevalence 
of floods in the river. At Belle point (near Fort Smith) and some distance above, these 
islands almost wholly disappear, hut the sandy shores still continue, and arc, as above, 
alternately situated on either side of the river, as the stream approaches or recedes from 
the opposite river bottoms. The color of the water was now olive green. All the red 
coloring matter, with which it is sometimes imbued, is contributed by streams entering 
on the southern side. The current of the Arkansa is much less rapid than that of the 
Platte but the character of these two rivers, in a great degree, corresponds in their 
widely spreading waters of but little depth, running uver a bed of yielding sand." 

The following table, exhibiting the slope of the Arkansas, has been 
compiled from the beat available data. Although mainly derived from 
barometric levelling, it is sufficiently accurate for the object of its 

compilation. 

High-water slope oj Arkansas Hvow, 
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Its depth. 



The width of the Arkansas undergoes great variations. Near the mountains it 
does not exceed 150 feet. It gradually increases to about a mile, as it 
traverses the sandy desert. After entering the hilly and fertile region 
it varies from 1000 to 200Q (feet. 

The depth of the Arkansas also varies greatly in different parts of its course. 
Throughout tue P ra '"° region it averages about 2 or 2 feet, exclusive of 
fdioals, but there are seasons when the water entirely disappears, being 
absorbed by the immense beds of sand in which its channel is formed. In the navi- 
gable part of the river the least depth found upon the bars in extreme low water, from 
1 1 1( . mouth to the Post of Arkansas, is from 2.5 to 3.0 feet; thence to Little Rock, 2 feet; 
thence to Fort Gibson, 1 foot. 

The range of the river between low and high water is about 45 feet at Napoleon; 
40 feet at South bend; 35 feet at Little Rock; 25 feet at Fort Smith; 
10 feet at Fort Gibson, and still less at points above, These numbers 
do not represent the extreme ranges, although they are much greater than those that 

usually occur. 

There are generally three annual rises in the Arkansas. As observed by Colonel 

Charles Thomas, U. S. Army, who served at. Fort Gibson many years, 

a 1, , • . „, ,, Its annual sue- 

they are as follows: One usually begins m February, owing to the cessi(m f stages. 

winter rains, and lasts, on an average, about fifteen days. The next — 



Its range. 
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the principal rise in the year — is occasioned by the melting snows in the mountains 
and the late spring or early summer rains. It occurs in May and June, and continues 
into .Tuly, and sometimes into August. The river generally keeps up, between these, 
two rises, some 1 or 2 leet above its lowest stage. The last, rise is in November, pro- 
duced by the late autumn rains, and lasts from ten to twenty days. 

Steamboats from 3 to 4 feet draught can almost always reach a point some 40 
miles above Little Rock, and during the Hoods can reach as far as Fort Smith and 
Fort Gibson, with a foil prospect of being able to return. Both the Canadian and 
Arkansas have been navigated with small steamers ns fur up as the wants of the military 
service have required. Steamers of 8 leet draught have reached Fort Smith, hut their 
return during the same rise is not certain. The river is generally very low after the 
November rise. During the lowest stage it is difficult for boats of the lightest draught 
to reach Fort Smith, 

The greatest Hood of the Arkansas on record occurred in IS33. Authorities differ 

as to its relative height at Little Hock, but (lie evidence tends to the 
Arkansas ^ conclusion that it exceeded any subsequent Hood by at least 2 Ivet. It 

was followed by nine years of low water. The next Hood occurred iu 

1S43, when, on January 2-1, the water stood 20 feet above low-water mark at Fort 

Smith. The following year the river rose still higher, being at Fort Smith 27.-5 feet 

above low-water mark on May 2-j, and at Little Rock 2 feet below the high water of 

1833. The next Hood occurred in 1848, when on May 28 the river stood 20 feet above 

low-water mark at Fort Smith. The same stand was reached on June 7, 1S53, and a 

point 2 feet higher on June 13, 1804. Freshets, whose heights were not, recorded, 

occurred in 1801 and I8o7. The next flood occurred in 1858, It was highest at, 

Little Rock on March 22, being then 5 feet below high water of 1833. No Hood iu 

the river has occurred since that date up to the present time (1801). It should be 

added that back-water from the Mississippi and the construction of levees both have 

so much affected the relative heights of different Hoods at pomts below Little Rock, 

that they are not criterkms by which to judge of the real Hoods of the Arkansas. 

Tr'ttmkirk-is.- — This great river has only two tributaries which 
Tributaries, . . ,, ". . . 1IT1 .. 

require notice- — the Canadian and the White. 

The former rises in the Raton pass, between Bent's Fort and Santa be, at an eleva- 
tion of about 0000 feet above the level of the sea, and after traversing, 
ana lan river. . q q cours0 j' a t> 0Q t 1000 miles, the same barren region through which 
the Arkansas Hows, discharges into the latter about midway between Fort Smitb and 
Fort Gibson. The following extracts from the report of Major Long, who first explored 
this stream (1820), sufficiently describe its character: — 

"This river has a broad valley, bounded by blull's from 200 to ~>00 feet high, faced 
with rocky precipices near ils source, and presenting abrupt declivities, intersected by 
numerous ravines lower down. It has a spacious bed, depressed but a ihw feet below 
the bottoms, and exhibiting one continued stratum of sand through the greater part of 
its length. It is the channel through which the water of a vast extent of country is 
carried offj yet, during most of the summer season, it is entirely destitute of running 
water throughout a large proportion of its extent — a circumstance iu proof of the 
aridity of the region drained by it. Fifty miles above its mouth it receives at least 
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two-thirds of its Witter from its principal tributary, denominated the North fork. This 
fork rises between the Arfcan&a and Canadian, and has a- meandering course of about 
700 milea Sis miles above the fork just mentioned, another tributary enters the 
Canadian, called the South fork, about half as large as the other. Notwithstanding 
the supplies afforded by these two tributaries, the Canadian has nut a sufficiency of 
water in summer to render it navigable even to their mouths." * * * * The 
bottoms of the Canadian, in the neighborhood of its mouth, are possessed of a soil 
exceedingly prolific; but. like those of the other rivers of this region, the more remote 
their situation from the mouth of the river, the more sandy and sterile is their appear- 
ance. Its valley is plentifully supplied with timber of an excellent quality for a 
distance of about, 200 miles on the lower part of the river; and the high lands, for 
nearly the same distance, are agreeably diversified with prairies and woodlands," * * * 
< ; Proceeding westward, a very gradual change is observable in the apparent fertility of 
the soil — the surface becoming more sandy and sterile, and the vegetation less vigorous 
and luxuriant. The bottoms appear to be composed in many places almost exclusively 
of loose sand." West of long. 96°, the waters " appear to bold in solution a greater or 
leas proportion of common salt and sulphite of magnesia, which, in many instances, 
render them too brackish or bitter for use. Saline and nitrous efitoreseeuees frequently 
occur upon the surface in various parts of the country, ami incrustations of salt, of 
considerable thickness, are to he found in some lew places south of the Arkansa river. 
As to the existence of rock salt in a mineral state, some doubts are to be entertained, if 
the decision is to rest upon the character of the specimens exhibited as proofs of the 
fact. The several examples of this formation that we have witnessed are evidently 
crystalline salt, deposited by a regular process of evaporation and crystallization, and 
formed into concrete musses or crusts upon the surface of the ground." 

The second tributary of the Arkansas, White river, is of an entirely tliflerent 

character,* It drains the fertile region between the St. Francis bottom 

1 t -i i-i i'. i • *i !!• ■ • ri White river, 

mill the Ozark divide, which, alter leaving the Mississippi near Cape 

Girardeau, crosses the Arkansas above Fort Gibson, as already described. For about 

Ml miles above the mouth the country is low and swampy, being liable to inundation 

from the Hoods of the river, Above that point the stream traverses a rolling prairie, 

gradually becoming hilly, and even mountainous near the sources. 

For some 350 miles, tip to the mouth of lilack river (its principal tributary), 
White river is a deep, narrow, and sluggish stream, Mowing, with a \ery crooked 
course, between banks composed of a clayey soil of suHieient consistence to prevent 
caving. The water is of u white color — very diilercnt from the red tint of the Arkansas 
near Its mouth. 

The freshets of White river are irregular, occurring as early as January and as late 
as dune, but generally in March or April. The extreme range is about 35 feet at the 
mouth of Black river, and 4-j feet near its own mouth. 



♦ It is perhaps improper '0 class this river ns a tributary nf tie Arkansa*, sinee it baa as independent tfwtfnel to 
Ik- Missii lippi. 'IV i«o streams, however, are counseled by a lurge bayou 6 mites above the month of White tiwt, 
through wWeh the oumiH meves aoiiwtinws In <Bie direction am] sometimes in the Other, according to the relative 
;-i;uid 11I' the rivers. In l"« *t*gBUi rl "' greater purl Of the Arkansas water flaws through this bayou, and ii may there- 
fm*u be considered to *"""■ surl aii " dinilde-muatlied si ream, to which White river Is a tributary. For convenienee of 
description this supposition has been adopted. 
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The flood surface of the river is, at the mouth, 168 feet, and at the mouth of Black 
river, 223 feet, above the level of* the gulf. These point* are about S50 miles apart, 
giving, for the slope of the river hetween them, 0.10 of a foot per mile. The sources of 
the .stream are probably at about the same height as those of the St. Francis river, or 
1200 feet above the gulf. 

ST. FRANCIS BASIN. 

... The St Francis basin consists of the St Francis bottom and its 

St. Francis basin. . , 

water-shed. 

By the former (sec plate II) is understood the belt of swamp hinds and low ridges 

„ , , lying between the Mississippi river and the line of hisrh lulls which 

Its bottom lands. v ' -, , . , ,. , , ~. - ... „ 

extends almost continuously from (ape Girardeau to Helena, pome 

small portions of this area do not drain into the St. Francis river, but, being similar in 

character, the entire region is properly designated by a general name. 

, , A portion of the southern slope of the Ozark mountains constitutes 

Its water-shed. . ' . ,, , , l 

tile elnef water-shed ol this region. 

As the .St. Francis bottom huuls arc the most northern of those regions which 

. . have been generally considered "vast reservoirs for the flood waters of 

Sources of in- ° " .. , . 

formation in re- the Mississippi," great efforts have been made to collect all possible 

ferenee to these information about their real character. Extended personal inquiries 
* S ' and measurements have been made in many different, localities. The 

surveys of the military road from Memphis to the St. Francis river, made by Dr. 
William Howard, U. S. civil engineer, in 1 8:j:> ; those of tbe Memphis and Little 
Rock railroad company, made in ISM; those of the Fulton and Liltle Keck railroad 
company, made in 1855 (?); and those of the route from St. Louis to Fulton, made in 
ISfjO, under tbe direction of the Bureau of Topographical Engineers. War Department, 
by Joshua Barney, C. E., have all been carefully studied. Much assistance has also been 
derived from the admirable chapter upon the swamp lands of southeastern Missouri, con- 
tained in the report, of Messrs. O'Sullivan and Morley, engineers of the St. Louis and Iron 
Mountain railroad company, and published with the second annual report of the board 
of directors of that road (St. Louis, 1854), Together with its accompanying maps, 
this work furnishes nearly all tbe general information which could he desired about the 
Missouri portion of these bottom lands. 

Boundaries and area. — The St. Francis bottom is bounded as follows: Starting at 
Boundaries of Cape Girardeau, on the Mississippi river, the line rims a little south of 
the hottom west to the northwest corner of T. 29, K. 11. east; thence southwest to 

lands. |ke St. Francis river, near the northeast corner of T. 2)1. R. 7, east; 

Lhence south alonn' tbe St. Francis river* to tbe southeast corner of T. 22, E. 8. east; 
thence southwest to tbe northeast corner of T. If, 11. 4. east; thence nearly south to 
the middle of T. 3, R. 3, east; thence to Helena, and thence, following the Mississippi 
river, to Cape Girardeau. Within these limits there are many isolated ridges entirely 
above overflow; 



* Tin; SI. Fr&ftcla river, when in flood, loaes soil) e or ils water in this viuiiitv In boyOUS floiiiHTtiruf with Htiitd,* 
river, a tributary of White river of Arkansas. 
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Tlic [units of the water-shed of the St. Francis basin can he readily and exactly 
traced upon Ilutawa's sectional map of Missouri, by following the 
divide which separates small streams running to and from the bottom JjMJ 6 water " 
lands. The Ozark slope constitutes fully two-thirds of the entire region. 

The following table has been carefully computed in accordance with Area of the 

the above boundary, and is believed to be quite accurate : — baBilL 

-'..ML II :' 'Ml!-' 

HsLfcr-slii><l "f St. Frutieia bimnm Unils 3,1101,1 

Riilgcs known to ba above overftuw in Si, Frnneia hiiMmn liimls (illll 

Luds linMc (0 ho sutimergeil ia " i< m 1} !i(M'l 

Totnl itreit 'if St. Fmriets 1-mjin JO.fiiJn 

Tiipuijrtipltij. — The northern water-shed is a broken, hilly country, sloping very 

abrupt 1\- In tlie bottom lauds. Its mean descent southward is about ,, , , 

1 - General topo- 

1200 feet in 70 miles, or at a mean rate of about 17 feet per mile. graphical fea- 

Tlie swamp region is, in genera! character, a great plain sloping from tures. 
north to south at a mean rate of about 0.7 of a foot per mile, judging by the fall of the 
Mississippi between Cape Girardeau and Helena;- and from east to west at a mean rate 
of about 0.5 of a foot per mile, judging by the levels of the Memphis and Little Hock 
railroad, which crossed the bottom near the middle line (plate IV). This country is 
separated from the rolling prairies west of it, which drain into White river, by a single 
narrow ridge averaging 300 feet in height, 

Tiic above is a fair general indication of the topography of the St. Francis basin, 
but further details are necessary to convey a really correct idea of the region. 

The portion of the southern slope of the Ozark mountains which constitutes the 
northern water-shed is drained by three rivers: the St. Francis, the m. %m m mvk rw 
Castor, and the White (of Missouri). These streams have a fall of and its system of 
several feet per mile from their sources to the line of bottom lands ; draiaa g' e ' 
but, after passing it, their slope is greatly reduced, and general overflows of their hanks 
during floods are the natural consequence. These overflows do not at once find free 
admittance to the great belt of swamp lands. The high range of hills pi erced by the 
Mississippi at Commerce, after extending in a southwest direction for some 15 miles, is 
then broken by a gap some 10 or 12 miles in width at its narrowest place. Through 
this gap the waters of the White and Castor rivers, increased in great floods by much 
the greater part of the water which escapes from the Mississippi between Cape Girardeau 
and Commerce, enter the sunken lands west of New Madrid. After spreading out into 
a chain of hikes, they eventually drain by many bayous to the St. Francis river, 
debouching mainly between Randolph and Memphis, 

The continuation of Commerce blulfs west of the gap just mentioned is known by 
the name of Bloomheld ridge. It immediately forks. One branch extends westwardly 
to within 2.3 miles of the Ozark slope, where it terminates, leaving a narrow passage 
toward the west for the St. Francis; the other extends southwardly to Chalk bluffs, 
where this stream, after traversing a part of the bottom lands of Black river, turns 
again toward the east, and pierces the line of hills. Below Chalk bluffs the ridge 
extends southward to Helena, under the name of Crowley's ridge. This singular range 
of hills vanes in height from 200 to 400 feet, with an average base not exceeding 6 or 
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8 miles. It is composed mainly of clay and gravel, often impregnated with saline 
matter. Its eastern base is washed by the St. Francis river. West of it lie the prairie 
lands of White river (of Arkansas). It is unbroken below Chalk bluff's, except by 
1' Aug u i lie river, a small branch of the St. Francis. 

It would be a great mi strike to suppose that, even after passing Crowley's ridge and 
The ereat swamp ** s P*oto»iSMa«iM — Bloomfield ridge and Commerce bluffs — the three 
region and its upland rivers enter a single vast swamp. There are many ridges — 
subdivisions. g()me w } ]0 py ? mK ] othei-B mainly above overflow — which traverse it from 
north to south throughout its whole extent. One of these ridges separates for a time 
the St. Francis and Little rivers. Another, fully 20 feet above the highest over How, 
extends, under the name of Big prairie, from New Madrid and Point Pleasant, to Com- 
merce bluffs, thus cutting off' from the sunken holds west of New Madrid, and hence 
from the St. Francis river, "all overflow from the Mississippi between Commerce and 
New Madrid, except what passes by one insignificant slough. The region east of Big 
prairie is in its turn traversed by a north and south ridge, called Matthews' prairie, 
which is nearly or quite above overflow. Doubtless further surveys would indicate 
other ridges. They are reported to exist in every part of the swamp. In t\ic foregoing 
table, only those hnuwti to be entirely above overflow are included. 

These north and south ridges, together with the southwest course of the. Mississippi, 
cause several bayous to discharge their drainage, when the swamps are full during 
floods, directly into that river instead of into the St. Francis. Among such bayous 
may be named James bayou, near Island 8j bayou St. John, at New Madrid; Walker's 
bayou, near Island l-j; Mill bayou, opposite Island 30; Wappenokv bayou, near Island 
40; and a bayou near the bead of Island 40. Some artificial system of drainage for 
the local basins of these bayous will have to be devised before the continuous chain of 
levees upon the bank of the Mississippi, so necessary to reclaim the swamp lands, is 
possible. In 185S many levees, especially in the vicinity of the mouths of these 
bayous, were washed away by crevasse- water pouring back from the swamp into the 
Mississippi. It would seem that there must always be a risk of such accidents between 
Commerce and New Madrid. For the lower part of the bottom, less danger exists, 
since the drainage to the St. Francis is much less interrupted. 

Geology of lli< bottom lam In. — The surface soil of t he St. Francis bottom is a rich 
loam of exceeding fertility. It varies in different localities, being some- 
times a heavy, black mould, and sometimes a light and sandy material. 
Gravel and small pebbles are occasionally found on the ridges, which are common 
throughout the whole region. 

The following facts relative to the strata pierced in digging wells have been col lee ted 
from authentic sources. Opposite Cairo, on the Mississippi bank, is a. well 
47 feet deep. The strata pierced are alternately clay and sand. The 
bottom of the well is sand. The wells in this part of the bottom are generally dug to sand 
before water is obtained. This is also the case near the latitude of Memphis, where the 
sand is reached after piercing clay strata some 15 or 20 feet in thickness. The depth of 
water in these wells varies with the stage of the Mississippi, even when several miles from 
its banks. Near Osceola, a well on the bank of the Mississippi was dug through sandy 
clay, some 23 feet, to black sand. This well oscillates with the Mississippi, but is never 
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dry. even at low water, its supply then draining from the swamp. Tti the bottom, IS miles 
farther west, the wells are some 1o to 20 feet deep, dug through clay to a beautiful white 
sand which supplies excellent water- Ou French man's bayou, about 12 miles west of 
Randolph, a well was dug through more than 20 feet of hard, blueclay, before sand and 
water were reached. This well is on the prolongation Of the ridge which separates the 
St. Francis and Little rivers. The land is entirely above overflow, and is probably not 
alluvial. 

A sycamore log, buried 80 feet deep, was found about 4 miles from the Mississippi, 
in the bottom lands opposite Memphis, where the tree is now never found growing. A 
cypress log was found im bedded in sand, 30 feet below the surface, near Cairo. 

It is difficult to decide upon the geological character of the St. Francis bottom. It 
is well known that great changes occurred in the level of .the northern Much of this re> 
part of the country during the earthquake in 1811, and that even now gion not Missis- 
slight shocks are not uufrecptently felt in the vicinity of New Madrid, 81 PPi alluvion, 
indicating a probability of further changes. The batik, on which the town is built. 
unquestionably belongs to the same formation as the river bluffs, for it forms part of n, 
ridge entirely above overflow, which extends southward from Commerce bluffs, and is 
pierced by the Mississippi at New Madrid. Its composition is quite different from the 
recent deposits of the Mississippi. Sir Charles Lyell, not being familiar with the 
country, conceived tli is to be the present Mississippi alluvion. Under this impression 
he states, in his "Second Visit to the United States" (page 174): M I examined the 
perpendicular face of t lie bank with some interest, as exemplifying the kind of deposits 
which the Mississippi throws down near its margin. They differ in no way from 
accumulations of sand and loam of high antiquity, with which the geologist is familiar; 
some beds are made up of horizontal layers ; in others they are slanting, or in what is 
called cross-stratification. Some are white, others yellow, and here and there a seam 
of black carbonaceous matter, derived apparently from the destruction of older strata, is 
conspicuous." 

A stronger confirmation of its ancient character could hardly be desired. The 
hank examined by him. although much lowered by the great earthquake, still remains 
entirely above overflow. A short distance to the west, however, the whole country for 
miles sank' so as to be now Submerged from 1") to 20 feet in floods. 

M is apparent that it is impossible, where such changes are occurring, .to decide with 
any exactness as to the real average depth of the Mississippi alluvion in this bottom. 
The facts above stated in relation to the wells, however, warrant the conclusion that 
I hr surface soil is underlain by a, stratum of clay, a few feet in thickness, resting upon 
a stratum of sand, through which water passes freely back and forth, as the river 
changes its level. The shallow lakes of this country may be drained by boring through 
the clay to this stratum. It will be hereafter aocn that there are good reasons for 
believing tlnit this sand, in its turn, is underlain by a stratum of hard, drab-colored 
or blue (day, belonging to a geological formation long antecedent to the present. Indeed, 
it may be safely affirmed that the Mississippi alluvion has no great depth in these 
bottom lands, and that there are mauy ridges upon which it has no existence. Pebbles, 
characteristic of the river blufis, are found on these ridges, and the two formations are 
doubtless identical In geological character. 
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Growth on /Ar So^ton fawfe. — On the high land, rarely, if ever, overflowed, the 
Forest growth on growth consists of sweet and black gum, walnut, hickory, box-older, 
"high/' laud in hnckberry, ash, white oak, pecan, red elm, black and red haw. sassafras, 
swamp regm . ur j ft [itrln beech, maple, ami dogwood. Heavy cane grows on the high 
banks of the rivers. 

On the "middle" land, liable — before levers were built — to animal 
land."" C overflow, the growth consists of sweet and black goal, hickory, back- 

berry, several kinds of oak, red elm, black and red haw, and cane. 

__ , , On the lowest swamr> lauds the erowth consists of cypress, water- 

On lowest land. , 111-1 , ,' , , -,i 

oaks, swamp ash, elm, hickory, red elm. honey-tree, and willow. 

Flood* iit (he uottom Ismds, — Three* cross-sections of the St. Francis bottom have 
Average over- ^ eeQ °^aiucd (see plates II and IV). One, the profile of the Cairo and 
flow of these Fulton railroad, extending from Rodney's landing, Dear Cairo, to the St. 

bottomlands. Francis river (50.2 miles), furnished by Mr. J. S Williams. The 
Second, the profile of the military road between Memphis and Little Rock, made try Dr. 
William Howard, in 1833, under instructions from the U. S. Engineer Department. 
The third, the profile of the Memphis and kittle Ryek railroad, furnished by Mr. M. 
Lynch. These profiles are all somewhat indefinite in respect to the depth of over- 
How, since that was not the especial object of the engineers, and the dates of high 
water are not well determined. Still, they furnish the means of forming an approx- 
imate estimate of it. Including lands never submerged, crossed by the roads, the 
mean depth of overllow is 1.3, 1.6, and 0.2 feet, respectively. Exclusive of land above 
high-water mark, viz.. 32,7 miles for the first. 17 utiles for the second, and 3 miles for 
the third, the mean depths of overllow are, respectively, 2.0, 3.0, and 5.0 feet, the 
maximum being 10,0, 5.0, and 15.5 feet. 

From these figures, it would seem that 3 feet may be considered the mean depth of 
Overflow in great flood years throughout, the entire submerged lands, exclusive of the 
ridges. This accords with the estimates of many gentlemen well acquainted with these 
lands, and is believed to be nearlv correct. 

Ii should be remarked thai much of this water ia due to rain, the fall of which is 
. always excessive upon the bottom lands in great flood years. This was 

especially the case in 1828, 1850, and 1858. In 1858 the swamps were 
so full of rain-water before the April rise — the first which entered them to any consid- 
erable extent — that the St. Francis river was not backed up even for a day after the 
January rise. That its current should from the beginning resist such a Mississippi rise 
as that which occurred in March, shows that a sensible portion of the water in the 
swamps, when these great floods occur, is due to rain. 

During ordinary years, the St. Francis Ixittom is now entirely protected from the 
Mississippi water by its levees, and is. consequently, only submerged in 
ing levees, ' * ts lowest parts by rain-water, and by the floods of the St. Francis, 
Castor, and White rivers. 

* Several sei'liom* of the swamp lands were inside by Messrs. O'.Sullivan and Morlev. Their report li> the Iron 
Mountain milroud company, however, iloess not furnish 1 bt> mean* of estimating with any exactness the mean depth of 
overllow on I hose lines. 
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St, Fnutcix rim: — The St. Francis river beads among the Ozark mountains just 
west of Pilot Knob, at an elevation of H60 feet aboro the gulf of Mex- slope and cross . 
too. It (lows toward the- southeast, receiving many mountain tribu- section of St. 
fcariea, until, jast before entering the swamp region, at a distance of 105 Fnuicis river - 
miles I rum its source, by its longest fork, It has reduced Us high-water elevation above 
the gull" to S30 feet. Here ita high-water cross-section is 9400 square feet. At Indian 
ford where it first leaves the bills on its right bank, its high-water cross-section has 
been reduced to &10O square feet by water lost into the Casior-river swamps. About 17 
miles farther on, or 1 1 miles above Chalk bluils, its high-water proas-section is only 2330 
square feet. This reduction is due to the loss of water into the swamps of Black river, 
a tributary- of White river of Arkansas. At its passage through the ridge at Chalk 
111 nils, its hMi-waier elevation above the gulf is 280 feet. , It immediately divides into 
n maze of channels, or rather lakes, which extend nearly to the latitude of Randolph. 
Here beginning to receive by many bayous the united waters of Castor and White (of 
Missouri I rivers, it again becomes a river in the usual acceptation oftttfl term. At the 
cross hut of the J letup his and Little Rock railroad its high-watev surface is 2(111 I'ect 
above the "ulf, its cross-section being 21,0(10 feet. About I mile above its month, near 
Porter's Mill, its high-water cross-see t ion is 37,000 square feet I see Appendix C), its 
high-water elevation above the gulf being about 200 feet. 

This river is navigable to Wittsbnrg, a distance of SO miles, during about six months 
Of the year, for boats drawing 3 feet water. Its mean width between banks in this 
distance is about 700 feet; its range from low to high water, about 40 feet; its fall per 
mile, about 0.2 of a loot; and its current usually sluggish. 

The Mississippi levees, incomplete as they are, have still exerted a great influence 
upon the regimen of the St. Francis. 

Before these levees were made, numerous bayous, whose beds were from 6 to 10 feet 
below the surface of the natural bank, gave free admission to the Mis- Kg regimen he . 
sissinni water long before the top of the flood. The swamps, thus fore leveea were 
becoming gradually flooded, drained into the St. Francis river, or into 5nade ' 
the bayous which serve as their outlets. At the top of the Mississippi Hood, therefore, 
these streams were also in full ilooil, returning vast quantities of water. This fact has 
been established by careful inquiries among those residing upon the spot, and personally 
cu'j'niznnl of what they state. There has been but one answer to such inquiries — that 
there was always a very strong current discharging into the Mississippi at the top of 
a Mississippi flood, This was especially noticed at the month of the St. Francis, 
in the floods of 1844, 1849, and I860, In the latter particularly, the current was 
powerful; but even with ibis great velocity, the water-way was not sufficient for the 
discharge- The Bond poured over the country between Stirling and Helena, and dis- 
.]nr»ed Jtself over llie bank into the Mississippi. In 18-58 this happened not only 
■,t the nioiitb. but in many other places, as will be fully shown in a subsequent 
chanter There is. therefore, a manifest error in the assumption, which has been 
often made that these great swamp regions served as non-returning '-reservoirs" to 
diminish materially the discharge of the Mississippi below them at the date of 
highest water. 
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At present, the regimen uf the river is greatly changed. During rapid rises of fiie 

Mississippi, the St, Francis is generally backed up. sometimes even an 
reeimen ^" ar n,s Wittsburg. Not unfrequently, there is a rapid current Up 

stream at such times. This was the case in the January rise of 1858, 
when drift-wood was carried several miles up the river. It does not always occur, 
however; Tor, if the swamp be full of rain-water, the discharge may be maintained 
without receiving supplies from the Mississippi, evfeD during quite vapid and high rises 
of that river. Tins was the case in the March rise of LS58- 

The floods of the St. Francis, independently of Mississippi water, are trifling, never 
raising the river below Wittsburg to within several feet of high-water mark. They 
depend entirely upon local rain, ;ind have, therefore, but little regularity. 

As nearly as can be ascertained, this river drains about 9700 square miles. The 

mean annual downfall in this region fsee Chapter II) is about 41 
discharge inches. The ratio between downhill and drainage for this region (see 

Chapter IV ( is .shown by the operations of this Survey to be about 0.9, 
giving for the annual discharge of the St. Francis river, 9 "HO x5280*x ; :)A x 0.9- ' 
908,010. (100,000 cubic feet, or about the twenty-first part of the mean annual di» 
charge of the Mississippi itself. 
Its levees There are no levees upon the banks of the St. Francis, as they are. 

never flooded below Wittsburg, except when the Mississippi has access 

to the swamp. i 

Mounds and Indian reives, — There are many Indian mounds in the St. Francis bofc-J 

Indian mounds * om - some of which are reported to be very large. A collection of them 

belonging to belonging to Mr. Edmondson, situated about IS rnilea from Memphis, 

Mr. Edmondson. ,i ' " ,• ,. . i -i. i • i r-.^t u i *i i i 

on the line ol the Memphis ana Little Hock railroad, was examined 

with a view to collecting facts which might determine the question of the depth of the 

alluvion in this region. Their situation is peculiar, A small bayou Hows near the 

house and almost parallel to the railroad. The mounds are all upon its high northern 

bank, which ia very undulating in its character — so much so, indeed, that it is difficult. 

to determine how many of the swells are natural, and how many artificial. The soil 

of this ridge is quite different from that of the swamp around. It has a reddish color, 

and contains many small pebbles, some of which resemble those from the Memphis 

bluff That the ridge is natural, with many natural inequalities upon it, is beyond a 

doubt. There are, however, three little swells, which seem to be artificial, from the 

fact that there are pits at the bottom of ench. from which earth may have been taken. 

Mr. Kdmondson's house is built on the largest of these three mounds, which is of a 

uniform shape, having a circular base and a rounded top. Its height above the ridge 

IS about 1§ feet, and its base is from 100 to ISO feet in diameter. The top is perhaps 

50 feet in diameter and level. Its dimensions may have been materially altered by 

Mr. Edmondson in building his house. The other two rnuunds are smaller and are 

now under cultivation. Scattered over them are fragments of Indian pottery, red 

brick, flint, and rounded stones. Many Indian curiosities are turned up in ploughing 

These consist of jugs, often colored red or yellow, hatchets of flint or of hard slate, 

human bones, etc. These remains are generally found within 18 inches of the surface. 

A cistern Hi feet deep has been dug in the largest mound. The excavation was made 
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through clay anil sand irregularly stratified. A large charcoal log was found some 8 
feet below the top of the mound, hut no Indian remains except near the surface. 
Tie irregularity of the strata made the digging of the cistern quite difficult The 
ra lroai.1 passes through a small mound at a short distance from Mr. Edmondson's 
Ih,.im\ The cut was 3 feet deep, and a jug and other curiosities were obtained. 

Mr. M. H. Brackenridge, in a letter to Thomas Jeflerson, from Baton Rouge, July 
■2'i, 1S1J. on the Population and Tumuli of the Aborigines of America, states that 
there are several mounds near New Madrid, the largest being 350 feet in diameter at 
the base. 

MISSOURI BASIN. 

This is much the largest of any of the tributary basins of the Mississippi, and differs 
from all the rest in containing a large area covered by lofty mountain 
chains. The river issues from the Rocky mountains in many branches, Mter ^^ 
Which form a series of large rivers that How through the great tmeulti- 
\ dble plains. Comparatively little rain falls upon the mountains and the plains, and 
bence the size of the main river is disproportionately small, when the drainage area, 
ii lone is considered. Its annual discharge is only about three-quarters of that of the 
Ohio, although its basin is nearly two and a half times as large. (See next chapter.) 
After passing the &8th meridian the hanks of the river become more and mure tortile, 
i ud (he region through which it passes gradually changes from au uncultivated waste 
o a populous country. The total area of the basin, including the mountains, the 
plains, and the fertile region, is 518,000 square miles. 

Missouri filter. — Ascending the river, the Missouri is found to divide, at Fort Union, 
into two main branches of about equal siy.e, the Yellowstone and the 
I'pper .Missouri. About 20o miles above its mouth the former again the^iver 

divides into two nearly equal branches, the Big Horn mid the Upper 
Yellowstone. The Upper Missouri remains a single stream to within about 100 miles 
of its sources. where it divides into three forks, named Jeflerson. Madison, and Gallatin. 
It was lirst explored to the sources of Jefferson fork by Captains Lewis and Clarke, 
U. S. A., in 1 800. When returning, Captain Clarke followed np Callatin's fork a short 
distance, crossed over to the Yellowstone near where it issues from Snow mountains, 
and passed down the river in canoes to its mouth. The next expedition was eon- 
ducted in 18:13 by Captain Bonneville, who then explored a portion of the Big-Horn 
river. The maps of this region made by these early explorers have been superseded 
by more accurate surveys, conducted chiefly upon the Upper-Missouri branch by 
detachments of Governor Stevens' Pacific Railroad party in 1853; but so far as a 
knowledge of the sources of the Missouri river are concerned, very little additional 
information had been acquired previous to the year 18o9. At this date a party under 
Captain \V. F. Kaynolds. U.S. Topi. Engrs., was organized by the War Department, to 
explore the region. This party accurately mapped the Yellowstone from its mouth to 
th e point where it issues from the Snow mountains; the Big Horn to its sources; the 
Madison fork to its sources; find acquired definite information respecting the Gallatin 
fork and the Upper Yellowstone. The report has nut, yet been published, but through 
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the khidi loss of Captain Rayuolds, with the sanction of the War Depart incut, the 
following facts have heen communicated. 

In hit. 43° SO 1 and long. 110° 00', a mountain rises to some 14,000 feet above 

Union Peak f ' ie ' ovt ^ °' ^ ie sea ' ^ ' 8 11;unt '^ by Captain Uaynolds, Union Peak, 

because water trickling from its northern side flows into the Mis- 
sissippi, from its southern side into the Great Colorado, and from its western side 
into the Columbia. Within one degree of longitude westward and about one degree of 
latitude northward from this peak are four of the sources of the Missouri, where the Big 
J lorn, the Yellowstone, and the Madison mid Gallatin forks take their rise.* 

The Big Horn (here called Wind river) flows southeastward!^ to long. 108° 30', 

through a narrow bottom land, varying from 1 to B miles in width, 
branch ^ bounded on the south side by the impassable Wind-river chain, and on 

the north by an elevated prairie rising into mountains. It is then 
joined by the Pojio Agie, and turning abruptly toward the north forces its way through 
the Big-Horn mountains, here forming a double chain, to the prairies bordering upon 
the Yellowstone. 

The Madison fork flows northward, chiefly through a rugged defile, to the junction 

of the three forks, where it is joined first by the Jefferson fork. This 

Jowi toanck"' is mtllev the lai - el ' rtver of t^e two, and heads among beautiful hnrky- 
muuntuin valleys, about two degrees of longitude farther to the west- 
ward. Neither of these streams is fordnble near its mouth. About half a mile below 
their junction, the Gallatin fork, smaller than either of the others, enters from the 
southeast. These three forks unite in an extensive plain surrounded by lofty moun- 
tains. The united waters soon enter, and for nearly a degree of latitude traverse, a 
succession of mountain valleys and enormous canons, of which an idea may be formed 
from the following description, taken from Lewis and Clarke's travels: — 

"A mile and a half beyond this creek the rocks approach the river on both sides, 

forming a most sublime and extraordinary spectacle. For five and 
Its "Gate." 

three-quarter miles these rocks rise perpendicularly from the water's 

edge to the height of nearly 1200 feet. They are composed of a black granite near its 

base, but from its lighter color above, and from the fragments, we suppose the upper 

part to be Hint of a yellowish brown and cream color. Nothing can be imagined more 

tremendous than the frowning darkness of these rocks, which [inject over the river mid 

menace us with destruction. The river, of 350 yards In width, seems to have forced 

its channel down this solid mass, hut so reluctantly has it given way that during the 

whole distance the water is very deep even at the edges, and for the first 3 miles there 

is not a spot, except one of a. I'vw yards, in which a man could stand between the water 

and the towering perpendicular of the mountain: the convulsion of the passage luust 

have been terrible, since at its outlet there are vast columns of rock torn from the 

mountain, which are strewed on both sides of the river, the trophies, as it were, of the 

victory. Several fine springs hurst out from the chasms of (he rock, and contribute to 



* l':i|j1t»in ItaynuWu' map not ytst having hern pnl>!Mi<'<], tlii* section »f eonnlrv upon plate 1 'i" s been ilrlim-uti'il 
i'rnm tlio iiUUm- nut (is, and tinea not exactly conform to tin-, description. It 1& howewr. ,uflii'ii'iilly h6t WCt lm' ;ill 
pmicral [lurjnxsL'S. 
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increase the river, which has now a strong current, but very fortunately we are able 
to overcome it with our oar>, .since it would be impossible to use either the cord or the 
pole. We were obliged to go on .some time after dark, not being able to find a spot 
large enough to encamp on, but at length, about 2 miles above a email island in the 
middle of the river, we met with a spot on the left side, where we procured plenty of 
light wood mid pitch-pine. This extraordinary range of rocks we called the Gates of 
the Rocky mountains." 

About '■'>'> miles above Fort Benton, the river pours over the Great 
Frills and becomes a navigable stream. The following description of 8 rea a 6 ' 
those falls is from the report of Lieutenant G rover, U. S. A.: — 

" There are five principal cascades. The first, about 3 miles below the mouth of the 

Sun river. Jails about 2-J feet. The second, nearly o miles below the first, is a small, 

crooked cascade, of 5 feet 11 inches pitch. Immediately below is the third. Here, 

between high banks, a ledge, nearly as straight as if formed by art, runs obliquely 

across the river, over which the waters fall 42 feet in one continuous sheet of 471) yards 

in width, At the foot of this cascade, so beautiful for its length and regularity, is a 

small island, eo\ered with willow, cottoiiwnod, and wild cherry. Half a mile below 

this, again, is the fourth — a small, irregular fait of about 12 feet descent. There is a 

small km. i q£ an jshmd near the middle, and between that and the right bank of the 

river the ledge of the fall is very crooked, and the water reaches the basin below in two 

pitches. But between the island and the left bank there is simply a succession of 

rapids; the stream then hurries on. lashed and churned by numerous rapids, about 5 

miles farther, where it precipitates itself over a precipice of 7t> feet in height. This is 

the lil'th and -Great Fall' of the Missouri. The banks are high and abrupt on both 

sides; and above and below, deep ravines with bare, steep sides extend out into the 

prairie from I to 2 miles. But opposite the fall, on the north side, a narrow tongue of 

waving prairie runs near to the river, and breaks off in terraces to a small bottom below 

the cascade. The lower plain, embracing 2 or '•'< acres, is a rounded point of land, 

which, with a rock-bound shoulder, half encircles the basin of the cascade, and for a 

short distance below confines the water-course to half its usual width. Near its head a 

broken and disconnected ledge of rocks rises some SO feet or more above the water; 

but lower down there is some soil and a few scattered cot ton wood, willow, and cherry 

trees." 

Between the Big-Horn and Upper-Missouri branches, in long. 110° 30' and lat. 44° 
.'ill', the Coper Yellowstone has its source hi a large lake, as yet only 
visited by trappers and Indians, whence it plunges through an unpussa- fa^^ 
We gorge to the highest point visited by Captain Raj no Ids' party. From 
this point, where it is 200 yards wide and G feet deep, it winds to the northeast, through 
a. narrow valley, to the mouth of Clarke's fork. In this distance it is characterized by 
many islands, and by bold, sweeping curves, frequently impinging upon the hills. 
Between Clarke's fork and the mouth of the Big Horn, the river is from 500 to 000 
yards in width, unobstructed by rapids, and flowing with a swift current of some o 
or 4 miles per hour. 

Below Big- 1 lorn river, to Powder river, the width increases to SOI) or 900 yards, 
and the river becomes turbid, resembling the Missouri. 

x 
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From Powder river to the Missouri tlie hunks are low ami caving, anil the river 
assumes the characteristic appearance of the Missouri, containing numerous Band-bars, 
densely timbered islands, etc. There are also some rapids and shoals. 

Captain Baynolda is of the opinion that the Yellowstone can be navigated with boats 
drawing 3 feet of water, up to (lie point where it issues from the mountains, from the 
piddle of May to the first of August. The Hoods ace neither sodden nor excessive, 
and the river is probably better adapted to steamboat navigation than the Missouri, 
although there are difficult rapids at the mouth of Powder river. 

Having thus followed the principal branches of tiie Missouri out of the mountains. 
The Missouri the main river will be described, from the head of navigation downward, 
below the head The following extracts are from the report of Lieutenant Grover, 
of navigation. rj <, \ ■ 

''The Missouri, from its falls for many miles on its way, traces its course at the 
bottom ol' a deep calSon worn by its waters. The faces of this canon are generally very 
abrupt and bare, and approach quite close upon the water-course, at the same lime 
determining only the general direction of the river, so that each detour of the stream 
leaves a small, rich interval in the bend, covered with luxuriant grass, and sometimes 
skirted with a lew smalt cotton wood trees." As far as the mouth of Maria's river, the 
banks of the Missouri vary il from 100 to 160 feet in height; its bed has been very 
crooked, and composed entirely of loose gravel — the stream perfectly e lea r and trans- 
parent. The current flows with a tolerably uniform velocity of about '1.1 miles per hour 
except at some points where its unusual shallowness gives a slight increase of rate." 

Below Marias river the bluils fall back with a gradual slope to the general prairie 
level, and the river Hows with sweeping curves among beautiful islands. On reaching 
Bear-Paw mountains, the scenery assumes an entirely different phase. "The binds 
were now more abrupt, and crowded the river; colonnades and odd-detached pillars of 
partially cemented sand, capped with huge globes of light-brownish sandstone, lower up 
from their steep sides to the height of 100 feet or more above the water, Then the 
action of the weather upon the bluils in the background has worn them into a thousand 
grotesque forms, while lower down their faces, seams of voleauie ruck from 3 to G feet 
thick, with a dip nearly vertical and no uniform strike, beaten and cracked by the 
weather, rising from 6 to 6 feet above the surface, run up and down the steep facts 
and projecting shoulders of the 1 elilfs — a most perfect imitation of dry-stone walls." 
Below these mountains the river resumes its former character, until the vicinity of 
Judith river is reached. There ''we took leave for a while of many of the wild beau- 
ties of nature which lay scattered along the river in an ever-varying panorama, to lake 
a view of the other side of the picture — of nature's wild deformities — a masteB-pieoe in 
its way. The ' Mauvaises Torres,' or Pad Lands, which this section is very appropri- 
ately called, is characterized by a total absence of anything which could by any possi- 
bility give pleasure to (be eye or gratification to the mind by any associations of utility. 
Not an island, nor a shrub of any account — nothing but huge, bare piles 6f mud, tow- 
ering up as high as lheyc.au stand, mid crowding each other for room. The banks, 
varying from 200 to S00 feet in height, were of this nature on both sides of the rivet- 
all day." They continued soon the following day. Then Lieutenant Grover writes: 
" We are rapidly approaching a more inhnbitahle country, The bluils are less high and 
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more sloping, and covered with grass. The bottoms along the river increase in width 
ami richness of Boil, and fields of rank grass alternate with thick grows of cotton wood, 
cherry, and willow." This character of country continues to the mouth of the Muscle- 
shell. Below this river there are very few places where a rocky bottom is found in the 
Missouri. About olio days travel below that point, Lieutenant Grover states: '"The 
hanks on the south side of the river are still quite high and much broken, and a few 
scrubby pines and dwarf cedars are to be seen near their tops. Incrustations of glauber 
salt whiten the banks In many places — a peculiarity by no means local, but, on the 
contrary, of very general occurrence all along the river. On landing, at noon, we 
picked up snme more specimens of fossil shell-fish, also some conglomerated fossil 
marine sliells, in which the cementing substance was carbonate of lime. This fossilifer- 
ous region appears pretty extensive;' A few miles below, another strip of Mauvaise 
Terre was passed. Having now reached a point about midway between Fort Benton 
and the mouth of the Yellowstone, Lieutenant Grover writes: "The river has now 
become quite similar in every respect to the lower Missouri. It is nearly as wide; its 
bottom is sand v; and broad, shifting sand-bars render the channel about as uncertain. 
The adjacent bottoms increase in width, richness of soil, and density of growth. The 
bluffs on the north side have declined and receded very much, being now nothing more 
than the breaking down of the high, rolling prairie to the immediate valley of the 
river. But to the south they are still quite high and abrupt, but have more grass on 

them." 

Between the mouth of Milk river and Fort Union, the Missouri Is described by Mr. 
Lambert, Governor Stevens' topographer, as "a wide and turgid stream, with an ever- 
shifting channel, choked with sand-bars, which are influenced by every storm; its great 
volume of water, however, insuring a navigable channel on one side or other. It flows 
with a vefv sinuous course through an intervale of variable width, enclosed by the tall 
bluffs of the plateaux on either side, which sometimes project upon the bank, in some 
places leaving an intervale of or miles; it is generally deeply fringed with the 
Cottonwood and its congeners, and occasionally a dense underbrush, affording a secure 
haunt to the tierce grizzly bear; good grazing occurs in spots, but is generally better 
among the binfis and coulees than on the plain, where the soil is mostly hard and 
dustv. affording, it might be supposed, hut a scanty sustenance even to the swarms 
of grasshoppers, which in certain conditions of the atmosphere take wing, and are seen 
drifting m a darkening cloud for hours before the wind. The bluffs are composed 
mainly of a soft, half-formed sandstone, which crumbles under a slight pressure, and 
is washed by the rains int.- the most fantastic shapes resembling Ibr titrations and 
ordinary buildings." 

The following brief recapitulation of tin- character of the river, from the mountains 
to the Yellowstone, is from the report of Lieutenant Saxton: — 

•■ The regimen of the river above the mouth of the Muscle-shell is fixed. The 
hanks change very little, and there is very little timber. Should steamers nm here 
eventually there will be a scarcity of fuel; enough, however, can be collected for 
present purposes. 

"The Man wises Terres lie directly above the Muscle-shell; through these the 
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channel is very good. The worst, bar in the river is above the Bad Lands, ,1 few miles 
below Fort lien ton. where then.' was but 15 inches of water. 

"From the Muscle-shell downward toward the mouth of the Yellowstone, the river 
changes. The water gradually becomes muddy from the washing away of the banks; 
the channel is constantly shifting its position; the forests of Cottonwood, with which 
the hanks are lined, tailing into the river, causes numerous snags and sawyers. Below 
the Yellowstone, the Missouri assumes the same character it maintains to the mouth, 
it becomes thick and muddy with the alluvial deposit it is ceaselosslv hearing onward 
to the gulf of Mexico. The bed of the river is much broader; tin- waters separate into 
many different channels, forming numerous sand-islands, sometimes covered with forests 
of cottonwood." 

Below the mouth of the Yellowstone, the character of the Missouri undergoes com- 
paratively little variation, and is sufficiently described by the following extracts from 
Lieutenant Warren's report : — 

'■This great stream has generally a uniform width from the junction with the 
Yellowstone to its month, varying from one-third to hnlf a mile when the banks are 
full. In low water, the width is much less, and dry bars of sand occupy portions of the 
bed, from winch the water has withdrawn. In the upper part of the river, where the 
trees do not destroy the force of the wind, the sand is blown about in the most astonish- 
ing manner, and the clouds of sand can be seen for many miles. Sand-banks are tints 
formed, generally at the edges of the trees on the islands and points, and which are 
often many feet above the level of the highest Hoods." * * * 

" Along the banks of the Missouri, the bluffs are generally clothed with various 
species of trees as far up as the mouth of the Platte; above this point, the timber is gener- 
ally confined to the ravines and bottom lands. These hottom lands attain a width of 
from 10 to 15 miles, a ft or we get above Council Bluffs, winch is almost continuous 
to the mouth of James river. Throughout this section, the edges of the banks are 
lined with heavy cottonwood ami other trees, and fuel lor steamboats can now generally 
be Ihund cut up and prepared for their use. 

"At James river the bluffs close in so that the general width of the Bpace between 
is only from 1 to 2 miles all the way to the upper Big bend, near the 4Sth parallel. 
Here, again, the bottom lands become wider, and continue at a width of from 3 to C 
miles to a point about 50 miles above the Yellowstone. In this last section there 
is also an abundance of large cottonwood timber, and the appearance of the river 
is quite similar to what it is at Sioux City." 

" The bottom hinds on the Missouri, along the western boundary of Iowa, as well as 
the prairie lands on either side, are very fertile. The valley of the Big Sioux, above 
its mouth, forms the continuation in direction of that of the Missouri below, and is said 
to be fertile. The Hupan-Kutey prairie, lying between this stream and the Vermilion, 
is low and fertile, and is about the last of the continuous fertile country as you advance 
up the Missouri, which here comes from the west. Above this [to the upper Big 
bend] the bottom lands of the Missouri are sometimes I and - miles wide, and will 
give but precarious support to an agricultural people; it is doubtful whether even this 
can be said of the high prairie tying hack from the stream." 
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The&ltowiag table 1ms been carefully prepared to exhibit the slope of the Missouri. 
The distances below Fort Union are from Lieutenant Warren's recon- 
noissance; those above Fort Ben ton, from Captain Kaynolds' original Its slope, 

unpublished maps, 

Lotc-inttfT slope of (he MmmH. 
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Its width, 



With reference to the range of the Missouri between low and high water, but little 
can be said. It is about 36 feet at the month ; 20 feet at St. Joseph, 
Missouri; and still less above, being at Fort Benton only about 6 feet. 
Ice dams in the spring sometimes occasion great local rises. 

Its high-water width, for so long a river, is remarkably uniform. In the vicinity 
of Fort Benton it varies from 500 to 1000 feet. Near the mouth of 
Milk river, it has increased to L60O feet. Below the Yellowstone, it is 
about 20(H) k>et From this vicinity the river gradually attains an average width of 
about 3000 feet, which it holds for some 000 miles to its mouth. 

Its annual discharge is about 4 trillions of cubic feet, or about one- 
fifth of that of the Mississippi. (See next chapter.) 

With reference to the navigability of the Missouri above Milk river, the following is 
the opinion of Lieutenant (trover, based upon information derived from 
members of the American Fur Company: — 

"The fact of this part of the river lying neur its sources in the Rocky mountains 
would naturally lead one to suppose that the changes in its volume of water from 
month to month would be nearly the same, for the same month, from year to year. 
This is found to be the case. As winter breaks up and warmer weather gradually 
comes on in the spring, the ice becomes rotten, and the river swollen by the melting 
Of the snow in the valley; and as early as the first of May, the river is clear. Such 
is tin' great range of elevation, and consequently the great range of temperature, 
covered by this feeding reservoir of snow, that, instead of melting in the short space ul' 
a month and swelling the river to a torrent, the process of melting commences with 
the vallevs in the early spring, and goes on gradually to higher elevations as the 



Its discharge. 



Its navigability. 
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season advances, constantly diminishing, ni" course, till August, wl ten all that has a sen- 
Bible effect upon the river is expended, when it commences falling more rapidly till the 
latter part of September. The minimum additional depth of water above that of the 
latter part of September, according to the in ii inflation above referred to, is as follows, 
viz.: For the first of June, 3 icet; first of July, 2i feet; first of August, 2 feet; and 
first of September, 1 foot. 

"It would then seem that, tip to the first of August, there is water enough for navi- 
gation by boats of 3 feet draught loaded; and up to the first id' September, for boats of 
2 feet draught; and later than the twentieth of September, for boats not exceeding IS 
inches in draught." 

In the summer of 1859 a steamboat belonging to the North American Fur Com- 
pany ascended the Missouri river to Fort Denton. In the summer of 18(10 two steam- 
boats of that company, carrying a detachment of 300 United Stales troops, ascended 
the river to the same point. 

The navigation of the lower part of the river is thus described by Lieutenant War- 
ren, in Ids report dated November 24, 18-38: — 

"The navigation is generally c Iosco 1 by ice at Sioux City by the tenth of November, 
and at Fort Leavenworth by the first of December. The rainy season of the spring 
and summer commences in different years between the fifteenth of May and the 
thirtieth of June (in the latitude of Kansas, Missouri, lown, and Southern Nebraska), 
and lasts about two months. During this period, the tributaries of the Missouri in 
these latitudes maintain this river in good boating stage. The Hoods produced by the 
melting snows in the mountains come from the Platte, the Big Shyeune, the Yellow- 
stone, and the Missouri above the Yellowstone, and reach the lower river about the first 
part of July, and it is mainly to these that the navigator of the Missouri above the 
Niobrara depends. The length of time the flood lasts is in proportion to the quantity 
of snow in the mountains, which varies greatly in different years. On the average it 
may be said to last a month; but a steamer starling from St. Louis, on the first indiea- 
tiim thereof such a rise, would not generally reach the Yellowstone before it was nearly 
past this latter point. Rivers like this, whose navigation depends upon the temporary 
Hoods, are greatly inferior for ascending than descending boats. The rise at the Yel- 
lowstone would be about ten days reaching St. Louis, and any good system of telegraph- 
ing along the stream, which would apprise those below, would more than double the 
advantages to the upward navigation. If a miscalculation is made by taking a tein- 
porarv rise for the main one, the boat has to lay by in tin- middle part of the river till 
the main rise comes." * * 

"The American Fur Company's boats are of the largest class of freight boats now 
navigating the Missouri. They are ably managed, and the company possesses in torn la- 
tum, by expresses sent from its trading posts near the mountains, as to the amount of 
snow that has fallen and the probable extent and time of (he rise produced by its melt- 
ing. The boats are loaded and time of starting fixed accord! ugly. Their boats carry 
from 160 to 200 tons to the Yellowstone, a distance of 1000 miles, drawing from 3 to 
•1 3 feet of water, and make the passage up in from twenty-two to thirty-five days. 
Considerable freight is taken out lor the post of Fort. Union, ami they generally ascend 
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witli that for Fort Benton to about 60 miles above the mouth of the Yellowstone, and 
have on one occasion gone to Milk river, 100 miles farther. 

"The quantity of water is, on the average, ulun.it equal from the Yellowstone and 
Missouri at their junction, and above this point, steamboats venture with caution. 
The great risk in proceeding farther, of having the boat ea tight in the upper river 
during the winter, more than counterbalances the prospective gain," 

"One of the greatest obstructions to the navigation of the Missouri consists in the 
great number of snags or trees, whose roots, imbedded in the channel by the caving of 
the banks, stand at various inclinations pointing down the stream. These obstructions 
are, comparatively, quite rare above the mouth id' James river, but from this point 
down to the Mississippi, it is a wonder often how a steamboat can be navigated through 
them. As it is. they cause the boats to lie by during the night, and thus occasion a 
loss of nearly half of their running time. But this is not the only delay, for often on 
account of the wind the bends filled with snags cannot be passed, ami the vessel is 
frequently detained lor days on this account. This effect of the wind is much more 
Seriously felt as you ascend above Council Bluffs, for the protection afforded by the trees 
on the banks is constantly diminishing." 

Tn'tmtnn'rx. — The (id lowing table exhibits the distances between 
several important points upon the Missouri, as determined by the reeou- £8 distances 
noissance of Lieutenant Warren: — 
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The Niobrara, 



The only tributaries of the Missouri below the Yellowstone, which require notice 
here, are the Niobrara, the Platte, and the Kansas. The first is thus 
described by Lieutenant Warren, Topographical Engineers, its first 
explorer: — 

''This river is about 350 miles long. From its source to long. 103° 15' it is a 
beautiful little stream of clear running water, of a width of from ID to 15 feet, gradually 
widening as it descends. Its valley furnishes here very good grass, abounding in 
rushes or prele, but is for the most part destitute of wood, even for cooking. After 
I lowing thus far, it rapidly widens till in long, 102° 3(1' it attains a width of (H) to 80 
yards; its valley is still quite open and easy to travel along, but destitute of wood, 
except occasional pines on the distant hills to the north. In long. LQ2° 'Mi' it; enters 
between high, steep banks, which closely confine it, and for a lung way it is a complete 
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canon; here, however, wood becomes more abundant, arid pine is occasionally seen on 
the bluffs, while small clusters of cottonwood, elm, and ash occupy the narrow points 
left by its windings. In long. 101° 4o' the sand hills come, on the north side, close to 
the river, while, on the sooth side, they are at the distance of l'n an 1 to 2 miles olU 
leaving a smooth road to travel on along the bluffs. The bluffs gradually appear 
higher and higher above the stream as it descends, until they reach the height of 300 
feet. The sand mostly ceases on the mirth side in long. 100° 23'; but it ties close to 
the stream on the south side nearly all the way to the WftZl-himska. Throughout this 
section, lying between hmg. 1(12° 0(1' and long. !I'J° 20', a distance of L80 miles, the 
Niobrara is in every respect a peculiar stream, ami there is none that I know of that 
it can be compared with. It (lows here between high, rocky banks of soft, white and 
yellowish, calcareous and silieimis sandstone, standing often in precipices at the waters 
edge, its vertieality being preserved by a capping of hard grit. It is here impossible to 
travel any considerable distance along its immediate banks Without haying frequently to 
climb the ridges which rise sometimes perpendicularly from the stream. As you approach 
from the north or south, there arc no indications of a river till you come within 2 or 3 miles 
of the banks, and then only by the trees whose tops occasionally rise above the ravines 
in which they grow, so completely is it walled in by the high bluffs which enclose its 
narrow valley. It seunis as if it had resulted from a fissure in the earth's crust, and 
now flows at a depth of about 300 feist below the general level of the prairie. The soft 
rock which forms the bluffs is worn into the most intricate labyrinths by the little 
streams, all of which have their sources in beautiful, gushing springs of clear cold water. 
In these small, deep valleys the grass is luxuriant; pine, ash, and oak are abundant. 
To the agriculturist this section has, however, comparatively little attraction, and that 
between long. !HJ° 20' and the mouth, an extent of about 90 miles, is perhaps far more 
valuable. Here the bottoms will probably average a width of a quarter of a mile, are 
susceptible of cultivation, and cottonwood, oak, walnut, and ash will furnish settle- 
ments with all the timber and fuel they will need. The river banks seem to present 
no good building stone, nor did we, though searching diligently, discover any signs of 
coal or other valuable minerals/' 

The Platte is thus concisely described by Lieutenant Warren: — 
The Platte 

"The Platte river is the most important tributary of the Missouri in 

the region under consideration; its broad and grass-covered valley leading to the west 
furnishes one of the best wagon roads of its length in America. From its mouth io the 
forks, the bluffs are from 2 to 5 miles from the water, making an intermediate bottom 
valley of from 4 to <S miles wide. From the forks to Fort Laramie, the bluffs occasion- 
ally come down to the waters edge, and the road has to cross the points of the ridges. 
From Ash Hollow to Fort Laramie, the road is sometimes heavy with sand. Fine 
cottonwood grows along the banks, and on the Islands, from the mouth to Fort Kearny; 
from here up it is scarce and of small si/.e. Cedar is found in the ravines of the blull's, 
in the neighborhood of the forks, and above. The river is about a mile wide, and Hows 
over a sandy bottom; when the banks are full, It is about feet deep throughout, 
having a remarkably level bed; but it is of no use for navigation, as the bed is so broad 
that the water seldom attains sufficient depth, and then the rise is of abort duration. 
"The water is sometimes so low, as was the case hist season [lSo.j], that it can 
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be crossed anywhere without difficulty, the only care requisite being to avoid cpiick- 
sands. 

"The manner in which this stream spreads out over its entire bed in low water is 
one of its most striking features, and it is peculiar to the rivers of the sandy region. A 
short distance above Fort Laramie, the Platte comes out from among the gorges and 
en nuns, and its character there Is that of a mountain stream." 

The Kansas river is a large and wide stream, which, heading in the barren plains, 
enters the fertile region in about lung. 98°, and traverses a beautiful 
bottom bind bounded by rolling hills, to the Missouri near Fort Leaven- The Kamas ' 

worth. In the uncultivable region, the character of the stream is similar to that of the 
Platte and Arkansas. In the fertile region, it is so well known as to require no descrip- 
tion here. 

Ul'l'EU-MISSISSll'Pl 1SAS1N . 

The distinguishing characteristic of this portion of the Mississippi basin is the 
entire absence of mountains. Near the source of the river the country 
is only some L$0O feet above the level of the sea, and is covered with SaXer** 

swamps and lakes, divided by hills of sand and houlders belonging to the 
drift epoch. The middle and southern portions of the basin consist of prairie land, and 
are rapidly becoming cultivated. The agricultural and mineral resources of this basin 
are great, the climate is salubrious, and the country must eventually sustain a large and 
wealthy population. Its total area is 100, 000 square miles. 

ffpper-Mkswippi riser.* — Although this tributary is neither the longest, nor the 
greatot contributor of drainage, nor the branch most like in character to 
I lie great Mississippi, it has its name, and thus litis always been an object 
of especial interest to geographers. Few travellers have explored its remote sources, and 
lew persona have more than a very general idea of their character, For these reasons 
the following somewhat detailed account has been compiled from the reports of the 
explorers. 

The source of the Mississippi, according to Mr. Schoolcraft, who, in the year 1832, 

in company with Lieutenant Allen, U. S. A., was the first to visit it, is a 

L J , Its source, 

lake, named by them Itasca. This hike was called by the (Jhippeways 

OmoshkoB Sagaigon, by the French traders Lac la Biche, It is a beautiful sheet of 

deep, transparent water, about 7 miles long, and from 1 to 3 miles broad, abounding in 

fish. It is adorned with one small island, 100 yards long by 50 yards broad, elevated 

20 to 30 feet above the water. The irregular shores of the lake are skirted with 

hushes, behind which are pine-covered hills of moderate elevation rising, in places, 

abruptly from the waters edge. Boulders of primitive rock are scattered along the 

beach, but nn rock in place is visible. Mr. Schoolcraft surmised that this lake was 

fed hv invisible springs, but Mr. Nienllet. who visited it in 1830, and determined its 

geographical position and elevation as now laid down on the maps (hit. 47° 14' N., 

long, 95° 0*2' W. of Greenwich), considers this supposition unnecessary. He says: 

■ TIil' following facts respecting thus river have been mainly complied by Ueutemuit Warren, Corps of Topo* 
graphical lSnginew* 
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"There arc live creeks that fall into it, formed by innumerable streamlets oozing from 
the clay beds at the bases of the hills, that consist of an accumulation of sand and clay, 
intermixed with erratic fragments, being a move prominent portion of the great erratic 
deposit, which here is known by the name of Hdutewra des Tbrres, — heights of land. 
These elevations are commonly flat at lop, varying hi height l'roin 85 to 100 feet above 
the level of the surrounding waters. They are covered with thick forests, in which the 
coniferous plants predominate. South of Itasca lake, they form a semicircular region, 
with a boggy bottom, extending to the southwest a distance of several miles; thence 
these Hauteurs des Torres ascend to the northwest and north; and then, stretching 
to the northeast and east, through the zone between -17° and 48° of latitude, make the 
dividing ridge between waters that empty into Hudson bay and those which discharge 
themselves into the gulf of Mexico. The principal group of these Hauteurs des Terrcs 
IS subdivided into several ramifications varying in extent, elevation, ami course, so as to 
determine the hydrographies! basins of all the innumerable lakes and rivers that so 
peculiarly characterize this region of country." * 

"Of the five creeks that empty into Itasca lake, one empties into the east bay of 
the lake, the four others into the west hay; and among the hitter there is one remarka- 
ble above the others, inasmuch as its course is longer, and its waters more abundant, so 
that in obedience to the geographical rule, 'that the sources of a river are (hose which 
are most distant from its mouth,' this creek is truly the infant Mississippi; all others 
below it feeders and tributaries." Mr. Nicollet continues: "The day on winch I explored 
this principal creek, August 29, 1K3<!, 1 judged that at its entrance to Itasca lake its 
bed was from 16 to 20 ieet wide, and the depth of water from 2 to «> feet. We 
stemmed its pretty brisk current during ten or twenty minutes, but the obstructions 
occasioned by fallen trees compelled us to abandon the canoe and to seek its springs on 
toot along the hills. Alter a walk of 3 miles, during which we took care not to lose 
sight of the Mississippi, my guide itilbrmed me that it was better to descend into 
the trough of the valley; where accordingly we Ibund numberless streamlets oozing 
from the bases of the hills. * * * They unite at a small distance from the lulls 
whence they originate, and form a small lake, from which the Mississippi Hows with 
a breadth of a foot mid a half, and a depth of one foot." Mr. Nicollet gives miles sis (be 
length of this source. The results of his barometrical observations place the summit of 
the Hauteurs des Terrcs 1680 feet, and Itasca lake 1576 feet, above the orean level. 
Mr. Schoolcraft previously t^/imtifrd this latter level to he 1500 feet. 

Mr. Schoolcraft says (duly 13, 1832): "The outlet of Itasca lake is perhaps 10 or 12 

leet broad, With an apparent depth of 12 to IS inches, * * We 
LaeTr^vers* * stjmi ^ '""' mot ' un il <'celerated by a current, and began to glide with 

velocity down a clear stream with sandy and pebbly bottom, strewed 
with shells and overhung by foliage. Ten feet would in most places reach from hank 
to bank, and the depth would probably average over a foot. A strong current and 
winding channel made it a labor of active watchfulness for tbe canoe-men to keep our 
frail vessels from being dashed auainst boulders, or torn in pieces by fallen limber 
or overhanging trees. Chopping with the av was frequently necessary to clear the 
passage, and no small labor was imposed hy getting through the drift wood, piled up at 
a linos I every sudden bend. We were almost imperceptibly drawn into a series of 
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rapids ami pretty falls, where the stream was more compressed and the water deepened, 
but the danger rendered tenfold greater by boulders of blackened rocks, and furious 
jets of the stream. We were rather hurled than paddled through these rapid passes, 
which increased in frequency and fury as we advanced. After being driven down 
about 12 miles of this spades of navigation, during which the turns are very abrupt, 
the river displays itself, so to say, in a savanna valley, where the channel is wider and 
deeper, but equally or more circuitous, and bordered with sedge and aquatic plants. 
This forms the first plateau. It extends 8 or 9 miles. The river then narrows and 
enters another defile beset with an almost continued series of rapids. The frowning 
rock often rears its dark head to dispute the passage, and calls for the exertion of every 
muscle to avoid by dexterity of movement a violent contact. Often it became necessary 
to step into the channel and lead down the canoes, where the violence of the eddies 
made it impracticable otherwise to guide them. At a place called 'Kakabikous,' or the 
Little falls, we made a slight portage. The second series of rapids was followed by a 
second level or plateau, in which the channel assumes a width nearly or quite double 
to that which it presents on the rapids. < h\ this level the Canoe river comes in as a tribu- 
tary on the right shove. The volume of the water is perceptibly increased by it. This 
plateau may extend 9 miles. It is succeeded by rapids of a milder character, below 
Which the river again displays itself in savannas, with a comparatively wide, winding 
channel. These are finally terminated by short and easy rapids, which bring the river 
out of what we may designate as its Alpine passes. * * The Pinuiddiwin, a 
tributary from the left, having its origin a lake." enters '-the Mississippi amid an 
extensive marsh of rushes, which gives it rather the appearance of a marsh than a lake. 
It Is however, called Lac la Folle." About IS miles below this point the river became 
'■sulliciently broad, deep, and equable" to enable Mr. Schoolcraft to proceed during the 
night to Lac T ravers. 

This lake is the most northern point of the Mississippi. It is, according to Mr. 
Schoolcraft, a " magnificent sheet of water, from H) to 1 2 miles long with ^ Traver8 
a breadth of from i to 5, perfectly clear and without islands, the eye 
having a free command over gently swelling hills," and ''beautiful vistas" of pine and 
hard-wood groves. Its transparent water leaves a beach of pure white sand. The 
Mississippi enters the south end of the lake, '-flowing with a brisk and deep current, 
and exhibiting a width of perhaps 151) feet," and runs out at the east side not far from 
its entrance, leaving the great body of the lake on the north. 

For the first 20 miles Udow Lac Travers the river forms a series of strong rapids, of 

which there are ten principal ones. In these, however, there are no falls, 

1 * i i ■• -i 1 * i Thence to Cass 

and they are produced by granitic boulders, no rock being visible in place. kke 

The Mississippi has a width of about 40 or 60 yards, and depth from 2 to 
b [bet, between Travers and Cass lakes (Lieutenant Allen, July LO, 1832). Prom the 
series of rapids to Cass lake is about 10 miles. Hills of sand covered with yellow pines 
here present themselves, and the river exhibits either a sand-bank or savanna border. 
In this space the stream has a sluggish current and twice expands into small lakes, and 
here the " Meadow lauds begin." 

Cass lake has an area of probably 120 square miles. Its greatest ex- 
pansion is north and south, and amounts to from lb to 2(1 miles. Both 



C>H REPORT ON T II K MISSISSIPPI U I V K [[. 

the entrance and outlet of the Mississippi are oil the northern part, ami are about 8 miles 

apart This lake embosoms four islands, I he largest of which (Grand island) is nearly 

8 miles long, The waters are deep and clear, and ahiatnd in excellent fish, Its shores 

are sandy, and strewn with primitive- rock boulders, and the hanks arc high and thickly 

wouded with pine, elm, and inn pie. 

The Mississippi Hows out of it with a width of 172 feet ami a depth of 8 feet (Mr. 

Schoolcraft, July 9, 1882). Between Cass and Whminec lakes the river 
Thence to lake ^ - ' - „ - \ , o si «j *i 

Winnipec pursues a devious course in a savanna valley Jrom 1 to •> miles wide, tJm 

strong grass and reeds growing in the stream in a maimer similar to that 
hereafter described between Leech river and the falls of l'eekagania. The valley is 
bordered with sandy bluffs, clothed ha many places with thick forests of large white 
and yellow pine. 

Upper lake Whmipee is about 14 miles lung by wide. Its water is deep and clear, 
, containing no islands. Its immediate shores are low, covered tor 200 

yards out from the water's edge with rushes and wild oats. A short 
distance hack are high hills, supporting oak, maple, poplar, birch, and pine. Ten miles 
farther down, the Mississippi passes through Little lake Winnipec. This is 5 miles 
long and V> wide, witli low and marshy shores, and wild rice in places extending entirely 
across it, giving it the appearance of a marsh. 

At a distance of 40 miles below Little lake Winnipec, the junction of Leech river 
Thence to the takes place, Throughout this distance the Mississippi has, by Mr. 
falls of Peck- Schoolcraft's estimate, a width of about 20 yards and a slope of 4 inches 
agama. ^ mJ j e ^ {{]y 2 Q } lg2 0). U wU)(ls in a[)nipt ihUU through a broad 

savanna, which continues all the way to the fails of Pcckagama. 

The Mississippi and Leech rivers at their junction are of nearly equal size. This 
a (linen t, oO miles in length, has its source in Leech lake, and is very tortuous, winding 
through a broad savanna. Leech lake has a circumference of not less than Kill miles, 
mid is the largest of the lakes forming the sources of the Mississippi. 

Below the junction of Leech river the width and volume of the Mississippi is nearly 
doubled; and thence to the falls of Peekagama, Mr. Schoolcraft estimates its average 
slope at about 2 inches per mite, with a gentle current of about 1 mile per hour. The 
most perfect type of what are known in this region as savannas, is to be found in this 
intermediate distance. The following quotation is from Mr. Schoolcraft's narrative 
of his journey up the Mississippi, in 1820: "After passing the falls of Peekagama, 
a striking change is witnessed in the character of the country. We appear to have 
attained the summit level of waters. The forests of maple, elm, and oak cease, and 
the river winds in the most devious manner through an extensive prairie, covered 
with tall grass, wild rice, and rushes. This prairie has a mean width of ;J miles, 
and is bounded by ridges of dry sand, of moderate elevation, and covered sparingly 
with yellow pine. Sometimes the river washes close against one of these sand ridges, 
then turns into the centre of the prairie, or crosses to the opposite side; but nothing 
can equal its sinuosities, — we move toward all points of the compass hi the same 
hour, and we appear to be winding about in an endless labyrinth, without approach- 
ing nearer to the object in view. While sitting in our canoes, in the centre of this 
prairie, the rank growth of grass, rushes, etc., completely hid the adjoining forests 
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from view, and it appeared as if we were lost in a boundless field of* waving grass." 
Lieutenant Allen says; -'The whole conn try seemed covered with water, from 1 to 3 
feet deep, but the gm« rose several feet above the surface in the deepest parts, growing 
very thick, and possessing a strength so great that in many places, as in short bends, 
where the current washed against it with great velocity and force, it stood as erect' 
as green, and as healthy as that remote from the river. Having an Indian guide who 
knew the general course of the river, we were enabled to cut off mtuiy of its great bends 
by running directly through the peninsulas of grass; but, although 'the water was two 
or three times more than deep enough to tloat our canoes, such was the nature and 
growth of tiie grass that it required the united strength of the whole crew to force a 
canoe through it." 

It will be seen from this description bow uncertain must be the estimate given of the 
length of the Mississippi in this portion of its course. 

Mr. School craft thus describes the falls of Peckagama. July 10th, 1820: "At the 
fells of Peckagama the river has a descent of 20 feet in 300 yards. 
Pins forms an interruption to the navigation, and there is a portaire FaUs o{ Pecka - 
around the falls of 27") yards. The Mississippi at this fall is compressed 
to SO feet in width, and precipitated over a rugged bed of sandstone, highly inclined 
toward the northeast. There is no perpendicular pitch, but the river rushes down a 
rocky channel, inclined at an angle of from 36° to 40°. The view is wild and pictu- 
resque. Immediately at the head of the falls is the first island noticed m the river. It 
is small, rocky, covered with spruce and cedar, and divides the channel nearly in its 
centre, ;it the point where the fall commences." 

The Mississippi from the falls of Peckagama to Swan river is very serpentine, and the 
curves are short, seldom exceeding a mile. The width of the river may 
be computed to average 40 yards; the current is strong, computed by ^^^ 
Captain Douglas at 2.4 miles per hour. No island or rock strata are 
seen, but detached stones of hornblende, sandstone, and granite appear upon the rapids, 
and occasionally along the shore. The banks are of the most recent kind of alluvion, 
containing very minute, shining particles of mica. A number of snags and drifts were 
encountered. In the upper portion are ridges of pine land, elevated 20 to 30 feet above 
the water, and Lieutenant Allen says these are composed of sand; some of them are 
LOO feet high, the river frequently washing them at the bends. The trees on the allu- 
vial banks consist of elm, maple, oak, poplar, and ash, the first two predominating. 

Between Swan river and Sandy-lake river there are six rapids, and the Mississippi 
receives no tributaries and contains no islands. The country is low and swampy a short 
distance from the river, and no hills were seen. The rapids are formed by boulders 
similar to those heretofore mentioned, dust above the mouth of Sandy river the Mis- 
sissippi has a width of 00 yards, a strong current of reddish water a little turbid, and 
some BHOgS ii ml drift. The hanks are alluvial and elevated from 4 to 8 feet, bearing a 
forest in which elm predominates; maple and oak are common, and pine, ash, and 
poplar sparing. 

Lieutenant Allen says (July o, 1888): "The river, though considered high, was 
generally 8 or 10 &et within its beaks; the current was gentle, about 2 miles per hour, 
except around the bends, where it was frequently quite strong." "It winds deviously 
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through ii valley of low, rich, alluvial bottom, of the besJ quality of soil and beautifully 
timbered, but all subject to inundation." From this we should infer that the extreme 
rise and full of the .Mississippi in this portion was not less than 20 feet. 

Sandy lake is only 1.6 miles, by the course Of its outlet, from the Mississippi, and 
during Hoods the waters are over 15 feet, and the whole intermediate country is inun- 
dated. The lake varies much in size at different times, as do all the innumerable hikes 
of this region. Savanna river enters Sandy lake, and is the main canoe route between 
the Mississippi and hike Superior, via Fond du Lae river. 

The following extracts are taken from Mr, Schoolcraft's narrative of his journey 
faun Sandy lake to the mouth of the St. Peter's river iu 1820: — 

"■July 26, * The current of the river below the outlet of Sandy lake, and 

the natural appearances, are similar to what it exhibits for 100 miles above; the hanks 
are alluvial, elevated from (i to 10 feet; trees — elm, maple, pine, and birch. We 
descended 28 miles, and encamped on a high, Sunny bank on the west shore. The 
river has several rapids in that distance, and some islands covered entirely with grass 
and small tufts of willows, with piles of drift wot id collected at their heads, No rock 
strata appear, but loose stones of granite, hornblende, and red ferruginous quartz are 
seen in the bed of the stream iu passing over the rapids, and in some places ulong the 
margin of the river. Among the forest trees, pine appears to predominate on the lands 
which lie a distance oil" the river, but elm is most abundant along the shore; maple and 
birch less so, and black walnut and oak sparing. The color of the water on looking 
into the river resembles that of chocolate, but on dipping up a. cupful it appears color- 
less and clear." 

Between this camp and Pine river — a distance of about If 10 miles — Mr, Schoolcraft 
writes: "The river has presented several rapids. Islands, and ripples. The fall of none 
of the rapids will exceed feet in a distance of 300 yards. The islands are small and 
not well wooded, and are encumbered with piles of drifted trees, limbs, and leaves, 
which give them a novel appearance, and at the same time serve to convey an idea of 
Ibe rise of the river, and of the force of its current during its semi-annual floods. Snags 
become more frequent in this part of the channel, and the river in several places under- 
mines its banks, which are elevated from 10 to 20 feet, and bear a forest of elm, birch, 
pine, maple, black walnut and oak (Quercits nigra). Loose stones are found fit all 
rapids; they are ehietly referable to the different varieties of granite, hornblende, slide, 
and sandstone." 

"The pine lands which commenced at the junction of Pine river with the Missis- 
stppi continued to within a short distance of the mouth of the river Me Corbeau (< 'row- 
wing river). They are elevated from (ill to UK) feet, and lie in ridges. The principal 
timber is the yellow pine. Mixed with the sand, which is in some places naked and 
destitute of vegetation, are fragments of granite, hornblende, quartz, jasper, and corne- 
lian. Thia atrip of sandy country was denominated the Dead Pints fay Pike." 

"The river l>e Corbeau (Crow-wing river) is the largest tributary which the Missis- 
sippi receives above the falls of St. Anthony, being nearly of equal magnitude. Tin' 
lands upon its banks are rich, and covered with a heavy growth of hard wood, chiefly 
elm. sugar-tree, black walnut, and oak. At the point of junction there is a lanje ami 
well-wooded island, called the Isle de Corbeau, by Which the river is hid from the view 
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until you have nearly passed it, when, by turning the eye toward the youth, you have a 
fine view of its broad and beautiful surface and the luxuriant foliage which overshadows 
its banks. The Mississippi assumes an increased width below, and is particularly char- 
acterized by numerous and heavy-timbered islands, all of which present immense drifts 
of flood- wood at their heads, and, by dividing the river into a number of channels, serve 
lo increase its width and the difficulties of its navigation. Here, also, the Buffalo plains 
Commence, and continue downward on both banks of the river to the falls of St. An- 
thony. These plains are elevated about 60 feet above the summer level of the water, 
and consist of a sandy alluvion covered with rank grass and occasional el maps of the 
dwarf black oak. They generally present steep, naked, and fulling-in banks toward the 
river, and disclose innumerable small fragments of cornelian, agate, and jasper, along 
with masses of coarser rock, such as granite, hornblende, etc." * * * 

"The Little falls are four miles below the mouth of Elk river, where the Missis- 
sippi forces its way through a narrow defile of rucks which appear in The Little faUs- 
n in"vd masses in the bed of the stream" (for the lirst time below the 1 
falls of Peckagama, according to Lieutenant Allen), "and attain an elevation of fnan 
20 to lb feet upon its banks. Passing with great velocity over the schute of the falls, 
it was difficult to ascertain the geological character of the rock, but it appeared to be 
"Tanite, very much mixed and darkened with hornblende.* The river at this place is 
narrowed to half its usual width. The descent of water may be estimated at 10 feet 
in 150 yards. 

"Between Klk river and Little falls we nass the Painted Pock, stand- 

. v t * ,. - ' . . ,, r ., Thence to the 

in ir upon the west bank ui the river. It consists ol a mass oi granite Biff falls. 

and hornblende, upon which the Indians have drawn a number of 

hieroglyphics and rude designs." 

\Uaif 6 miles above Sac river, on the east side of the river, "there is a bed of 
.aui lite 250 feet in height. It is considerably mixed with hornblende. On ascending 
it.' I found the most charming prospects in every direction. It commands a view of the 
prairies OD both banks of the Mississippi, with the windings of the stream, and its 
islands and rapids for many miles above and below." * * 

' "The Big falls consist of a -erics of breaks and sehutes extending about 800 yards, 
in which distance the river may be estimated to have an aggregate fall The Bi& falla , 
of 10 feet. The bed of the river at this fall is beset with sharp frag- 
ments «if granite and hornblende rock, which also appear in rolled masses upon the 
shores. . . , 

"The next remarkable trail in the river U Prairie rapids, which are six m number, 
and have a mean descent of about 20 feet in 5 miles. At hall-past four Thence ta the 
in the afternoon we passed the mouth of the river St. Francis, a large faUstf ^ St. 
Stream falling in on the east shore. For a great distance above its 

uth it runs parallel with the Mississippi, which is the cause that so few tributaries 
the latter on the east shore after passing the mouth of the river De Corbeau 



i - , fn'iiit Ules eftBa 'hi* a furmtuiun of talcuse slaty, and Mr. Lander, in bin report to GoTcmor Stevens, vol. 
. ,. !',! ,', •,, I 1-, ,,..,.- , mi linns liis iminiun, statin? : "At ttfi island near little Mb 'a ftfeiy tnewuMing of 
. ' - r , v „.- win« ■ tilintitii'ius itu.l a slighl increase of truaa will be ri-qiiireil, lYwn the destructible nature oi the 
liutee foumifttioa »*!»<* 1_ ,li " ' llT ' r,,,k slruu *» r v impN'gnaltKl with iron, tint! itffcet&d by the utmospHore. 
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(Crow-wing river). Tts principal fork is Muddy river. Here Carver terminated Ms 
fcravela up the Mississippi in fche year 1705; and Father Hennepin in I OS 1 . An island 
in the river opposite its mouth hides the view of it from those who descended by the 
west channel." 

Between Elk and ('row rivers " the current has been uuusuath strong, with many 
rapids and ripples. Very lew snags have been observed. A great many islands were 
passed in the afternoon, and some small sand bars, being the first noticed. Prairies 
continue on both hanks, with occasional clumps of trees, and 1'orests of - or 3 
miles in extent. The growth of wood upon the islands is elm, black and white 
walnut, maple, Oftk, and ash; upon the prairies, dwarf black oak. Along 1 the banks of 
the river pebbles of quarto, granite, hornblende, cornelian, and agate, are seen. In one 
instance I picked up a fine specimen of agatized wood, such as is common upon the 
lower Mississippi, and along the shores of the Missouri. The color of the water con- 
tinues a light chocolate brown in the stream, but appears clear in small Quantities. 
Pebbles at the bottom of the river can be plainly discerned through it at 4 or 5 
(cot depth. The quality of the soil of the prairies improves as we descend, and during 
the last 20 miles may be considered of the richest kind. The prairies are in fact 
covered with a stratum of the most recently deposited black, marly alluvion, which 
appears to lie composed, in a great degree, of vegetable mould. It is entirely destitute 
of those rounded pebbles and stones which generally characterize upland soils, although 
bottomed upon a stratum of alluvion, in which they are abundantly disseminated. 
The whole, apparently, rests immediately upon granitic and hornblende rock, which 
occasionally rises through it in rugged peaks and beds." 

At the falls of St. Anthony " the river has a perpendicular pitch of forty feet, with 
a formidable rapid above and below.* An island, at the brink of the 
Anthony folia, divides the current into two sheets, tlie largest of which passes 

on the west of the island. The rapid below the sebute is filled with 
large fragments of rock, in ihu interstices of which some alluvial soil has accumulated, 
which nourishes a stinted growth of cedars. This rapid extends half a mile, in which 
distance the river may be estimated to have a descent of 15 feet. The rapid pre- 
ceding the falls has a descent of about K) feet in the distance of 300 yards, where 
the river runs with a swift but unruffled current over a smooth stratum of rock a, 
little inclined toward the britlk. The entire fall, therefore, in less than throe-fourths 
of a mile, is do feet. The rock is a white sandstone, over laved by secondary lime- 
stone Tin's formation is first seen balf a mile above the falls, where it breaks out 
abruptly on the banks of the river." * 

"It is in fact the precise point of transition where the beautiful prairies of the 
tipper Mississippi are merged in the rugged limestone bluffs which skirt the banks ol 



* lieutenant AlUm hi«u-s ; "Tim (alb have been described by Mr, Schoolcraft and tftlrer %m« brnveltora, who 
bad tiuirf time to dbetftrt than tlum wm allotted to me. 1 have only in correal tn error In the height "I thfl perpen- 
dicular full. It ma Mtimatad by Liontonanl Pike, tfl toot, and by Mr. Schoolcraft, 40 u>h, 1 wa* told by uu ufliwr 

at Fort Sut')litij« iliutby ui.'tniil imntnent it mm 16 be! prociiely. Beion tbe lulls (here \s a oowridorwltt rapid, 

;nnl tin- wlinlo deeaenl ni tliis place, including also tho rapid above, nagj be estimated al 60 bet Between lb* wis 
tan! Port Strolling, a distance of it mile*, ih* cUonacl i* eonttaaied m u. deep ravine, and the hvW ru,,s IU a tom;IU ll U 
tl»e way." 
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the river from Unit point downward. With this change of geological character, we 

perceive a corresponding one in the vegetable productions, and the eye embraces at' one 
view the eop.es of oak upon the prairies, and the cedars and pines which characterise 
the calcareous blulfs. Nothing can exceed the beauty of the prairies which skirt both 
banks of the river above the fid Is. They do not, however, consist of an unbroken 
plain, but are diversified with gentle ascents and small ravines, covered with the most 
luxuriant growth of grass ami heath-flowers, interspersed with groves of oak, which 
throw an air of the most picturesque beauty over the scene. 

-The length of the portage around the falls, as measured by Lieutenant Pike 
in ISOo, is 2QD poles, but in high water is somewhat less. The width of the river 
on the brink of the fall is stated at 227 yards, but narrows to 200 yards a short 
distance below, when. 1 the river is compressed between opposing ledges of rock." 

Be low the falls of St. Anthony the Mississippi is so well known as to require 

no detailed description here. About 55 miles below the mouth of mi 

<< ■ , . i • i • j it m .... thence to the 

at Peters, the river expands into lake Pepin, winch is 2 or B month of the 

miles broad aad 27 miles long. About 270 miles farther down, river Missouri. 

Hock Island rapids are reached. They are covered by ledges of stratified limestone 

and sandstone, and extend dmyn the river about 13 miles, with a fall at low water of 

22 feet About 116 miles farther on, Montrose, situated at the head of the Pea 

Moines rapids, is readied. They extend 11 miles, with a fall at low water of 21 feet. 

From lake Pepin to the junction of the Missouri, the Mississippi is characterized by 
almost innumerable wooded islands. The main volume of the stream is confined to 
One channel, but branches from it ramify in various directions, forming sloughs, as they 
are generally named, and making its %vater-course, with enclosed islands, seldom less 
than a mile in width. 

The following table has been carefully computed from the best authorities to exhibit 
the low-water slope of the Upper Mississippi. Above St. Paul, Mr. sioiteofth ' 
Nicollet is the only authority for elevation above the sea. Below that Upper Missis- 
pi lint the various railroad surveys furnish more exact determinations. sl ^ L 
Thus: From the report of Captain Meade, Topographical Engineers {Oct. 20, I860), it 
appears that the approximate elevations above the sea, of lakes Superior and Michigan, 
arc 001) and 57fi feet respectively, Mr. I). ('. Shephard, Chief Engineer Minnesota 
Pacific railmail, stales that the ordinary level (range about IK feet) of the Mississippi at 
St. Paul is SO feel above lake Superior at Fond du Lac. Mr. E, Ooudrate, Manager of 
tin' La, Crosse and Milwaukee railroad, stated that the Mississippi at La Crosse (range 
|l) leet) is ti:; feeJ above the level of lake Michigan. Mr. W. Jervis, Superintendent 
Milwaukee and Mississippi railroad, states that low water at Prairie du Chien is 24 feet 
above the level of lake Michigan. Mr. II. Farnuin states that low water at Rock 
Island is 77 feet below the level of hike Michigan. The altitude of the mouth has 
been deduced by prolonging the measured slope between St. Louia and Cairo. The 
corresponding distances are taken witji great care from the Land-oilice plats as far as 
the mouth of Crun-wing river. Above they are given as estimated by Mr. Nicollet. 

10 
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These elevations refer to the low water of the Mississippi. The range between 
high and low water level is about 20 feet near Sandy-lake river; about 
20 feet at St. Paul; about 10 feet (extreme. 14 feet) at La Crosse; about 
12 feet (in 1858, 18.5 feet) at Prairie du Chien; about 10 feet at Book Island; about 
20 feet at Hannibal, and about 35 feet at the mouth. These ranges are much less than 
those of the Ohio, and, excepting the Missouri, of the other tributaries of the Missis- 
sippi, where they pass through the cultivable region. Their small extent is due to the 
generally flat character of the basin, from which the drainage is consequently slow; the 
existence upon it of numberless lakes; the great width of the river; the gradual change 
in season that takes place along its course; and the comparatively dry climate of the 
upper part of the basin. 

Its dimensions of The following facta respecting the dimensions of the Upper Missis- 

cross-section, gippj have been collected. 

At entrance to Itasca lake (Mr. Nicollet, August 29, 1836) "bed, 15 to 20 feet 
wide, water 2 to 3 deep." 

The outlet from Itasca lake (Mr. Schoolcraft, July 13, 1832) ](l to 12 feet wide, 
12 to IS inches deep; (Lieutenant Allen, July 13, 1S32) '-channel 20 feet broad, 2 
feet deep, current 2 miles per hour;" (Mr. Nicollet, August, 1836) "width 16 feet, depth 

14 inches." 

At entrance to Lac Travel's (Mr. Schoolcraft, July 13, 1832) "brisk and deep cur- 
rent, width, perhaps 150 feet." 

Between Lac Travers and Cass lake (Lieutenant Allen, July 10, 1832) "width lit 
to 50 yards, depth 2 to feet." 

At outlet of Cass lake (Mr. Schoolcraft, July 9, 1832) "172 feet wide, depth 8 feet" 

Between lake Winnepee and Lceeli-lake river (Mr. Schoolcraft, July 20, L820) 
"width averages 20 yards and slope or surface 4 inches per mile." 

Between Leech-lake river and falls of Peckagama (Mr. Schoolcraft, July, 1820) 
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•• averse width about 120 feet, slope about 2 indies per mile, current about 1 mile per 
Imur." Lieutenant Allen says the river was sometimes 300 yards broad. 

Falls of Peckagama (Mr. Schoolcraft, July, 1820) <* descent 20 feet in 300 yards, 
river SO feet wide"; (Lieutenant Allen, July <">, 1832) *< 'descent 20 to 30 feet in 100 

yards," 

Between falls of Peckagama and Swan river (Mr. Schoolcraft, July, 1820) "width 
averages about 40 yards, current 2.4 miles per hour." 

Just above mouth of Snndy-lake river (Mr. Schoolcraft, July 17 ? 1820) "60 yards 
wide*" just below (Mr. Schoolcraft, July 4, 1S32) "331 feet wide." Lieutenant Allen 
(July 4, 1832) says width just above is 75 yards ; just below, 110 yards. 

Between Sauk and Elk rivers the width averages 900 feet; thence to St. Francis, 
300 or 400 yards; thence to Fort Snelling, 400 yards (Lieutenant Allen). 

Beyond "the < T orge below Fort Snelling, the width of the Mississippi is 57u feet 

(Mr. Nicollet). 

From lake Pepin to the mouth of the Missouri, the average width is about 1 mile. 

Tn'fmtnrifs. The following table exhibits a correct list of the tributaries of the 

Mississippi. Below the mouth of Crow- wing river, the distances upon 

the Mississippi have been carefully measured on tUe plats of the tributaries. 6 

Laud-office surveys; below the St. Peter's river, the lengths of the 

tributaries arc taken from G. W. Colton's guide map published in 1861. The other 

numbers are those estimated by Mr. Nicollet and are doubtless in excess: — 
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lllnek river. 



Of these tributaries, St. Peter's river alone is at the same time comparatively 
unknown and of sufficient importance to require a description here. According to 
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Mr. Nicollet it lias its source among a magnificent group of taken tit the 
very head of the Coteau des prairies, the elevation above the sea being 

1S96 feet. It Mows for a distance of about 60 miles in an easterly direction, when it 
expands into what is improperly called a lake — Big-Stone lake. At the point where 
it enters, it IS, according to Mr. Keating, July, 1823, "less than 7 yards wide." Big- 
Stone lake has a width of ahont 2 miles, a length of 30 miles, and an elevation of '.HHi 
feet. Upon reaching a point 30 miles below the lake, the river expands again into 
what is known as Lac qui Parle, which is from I to 2 miles wide and extends (i miles. 
In the intervening space it receives three tributaries, (jut Mr. Keating, duly, 1823, 
describes it as "a mere rivulet 20 to 30 feet wide." Thence to Patterson's rapids the 
distance is 61 miles, and the river receives several tributaries of small size. Mr. Keat- 
ing says, "in fact they are mere brooks conveying waters on the crest of the ridge" 
(of the Coteau)) "but probably about the spring of the year they are much swollen 
by the thawing of the snow and ice upon the ridge; it is in this manner that we may 
account lbr the water-mark found along the bluils which enclose their comparatively 
large valleys." Thus far the stream has nowhere a width of '"more than 16 or 20 
yards," and "is everywhere ibrdable." "The valley presents a fine rich soil, rather 
swampy in places, and is covered with high grass and wild rice; it is often wood v. 
Wherever the primitive rocks are (bund, they are bare. The trees consist principally 
of cottonwood and ash." The Red-wood joins 5 miles below Patterson's rapiils, and 62 
miles farther on, the Big and Little W&rajee are received. The Mankato (meaning ISluo- 
earth) river enters 32 miles below. This latter stream is thus described by Mr, Nicollet: 

"The Mankato becomes navigable with boats within a few link's of its sources. It 
is deep, with a moderate current along a great portion of its course^ hut becomes very 
rapid at Its approach to the St. Peter's. Its bed is narrowly walled up by banks rising 
to an elevation of from 60 to 80 tect, and reaching up to the uplands through which 
the river Hows. These banks are frequently cliffs or vertical escarpments. The 
breadth of the river is pretty uniformly from SO to 120 feet wide; and the average 
breadth of the valley through which it tlows, scarcely a quarter of a mile. The latter 
as weli as the high grounds are well wooded; the timber beginning to spread out on 
both shores, especially since they have become less frequented by the Sioux hunters 
and are not so often fired ™ 

"The great n timber of the navigable tributaries of the Mankato, spreading them- 
selves out in the shape of a fan; the group of lakes surrounded by well-wooded hills; 
some wide-spreading prairies with a fertile soil; others apparently less favored bat open 
to improvement; the whole together bestow upon the region a most picturesque appear- 
ance." Mr. Nicollet gave it "the name of Undine Region." 

At the point where the Mankato joins St. Peter's river the latter turns its course at 
a right angle and Hows northwest to the Mississippi, the intervening distance being 148 
miles by the meanderings of the stream. 

The following facta respecting the Illinois river are taken from the report of Cap- 
tain Stansbury, Corps Topi. Eagffl., D, S. A., dated in 1888. The river 
river bottom lands are from 2 to 10 miles wide, and raised only a few feet 

above the usual level of the stream. They have a sandy and alluvial 
soil. The immediate banks are low alluvial swamps skirtetl by lagoons, most of them 
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connected trith the river ami overflowed every freshet from 1 to IS feet The current 
is gentle ami uniform Up to Peru, some 250 miles above the mouth. Excepting for two 
summer months, the river admits of navigation as far as this town with hunts of 3 feet 
draught. The only obstructions are bars, which are usually diagonal, and sometimes 
even parallel to the current. Their position is shown at low water by the weeds which 
cover them. The bars remain unaltered unless destroyed by ice. Sometimes they are 
mere lumps with deep water surrounding them. 

OHIO BASIN. 

The Ohio river drains the northeast portion of the Mississippi basiu — a fertile and 

populous region throughout nearly its whole extent. The southern 

tributaries rise iti the Alleghany mountains, and How northward through Character of 

uiuuiiuiu ii.«. j _ t-lie basin. 

an undulating and beautiful country to the main stream. The northern 
tributaries have their source, in the crest of the level plateau which lies immediately 
smith of the great lakes, at an elevation varying from odd to LQ0O feet above their 
water surfaces, and How soutbward through a fertile prairie ami undulating country to 
(lie Ohio, The boundaries of the basin are indicated on plate I, and its character is so 
well known as to require m description here. Its total area is 214,000 square miles. 

Ohio rinr.— The Ohio is formed by the junction of the Alleghany and Monongahela 
rivers. The former, whicb is the principal branch, rises in the moun- 
tains of Pennsylvania, the latter in those of Virginia. Throughout its th^ri* * 61 ° f 
whole length (975 miles) the river flows with a gentle current, unin- 
terrupted by rapids except at the "falls of the Ohio" near Louisville, when it descends 
20 feet in 3 miles. It traverses a beaut iful valley and is constantly augmented by 

tributary streams. 

The Ohio in low water is a succession of long pools and ripples, with a current alter- 
nately sluggish and rapid. The bars in the upper part of the river are mainly composed 
of gravel, and in the lower part, of shifting sand. 

Of the Allcihany brancli. nothing need be said except that near its sources it flows 
between hills, through a very narrow strip of fertile bottom land, and with a more 
uniform slope than near the mouth, where it traverses a rocky and precipitous ravine, 
with a bed composed mainly of sandstone or gravel-bars. [Captain Hughes, Topi. 
Engrs., L*. S. A.] 

Of the MonoiiL'ahcla branch, some curious facts stated by Dr. William Howard in 1833 
merit attention. It rises in the Alleghany mountains and subordinate ranges in Vir- 
ginia, and is formed by the junction of the Bast and West branches and Cheat river. The 
former streams head in Laurel ridge, ami Uow in rocky channels. The tributaries of 
Cheat river rise in the summit of the Alleghanies, and form mountain torrents until they 
unite in a river scarcely less wild than themselves. The Cheat Jbrces its way through 
deep irorges with nearly perpendicular side-slopes to the Monongahela, falling 24UIJ feet 
in the last 80 miles, Below the junction the liver is gentle in character. It winds with 
a serpentine course, without islands, through a terraced valley. Its slope here is less than, 
tftttf (if the Ohio. Thus the fall from the mouth of Cheat river to Brownsville (36 miles) 
is -14 feet or l.-'i feet per mile, and from Brownsville to Pittsburg (oo miles), only 31 
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feet, or 6.56 of a foot per mile; while the corresponding fall of the Ohio near Pittsburg 
is about I foot per mile. The fall of the Monongalia! a, above the junction of Cheat 
river, averages about 2 feet per mile for over 100 miles. The anomaly in slope near 
the mouth of this river is less in high than in low "Water, the usual range at Brownsville 
being 16 or 20 feet more than at Pittsburg. At low water the Monongahela is a suc- 
cession of pools separated by bars composed of gravel and loose stones, not subject to 
sudden changes. Its water is quite free from sedimentary matter. 

In a paper published by the Smithsonian Institution, in 1849, Mr. Ellet gives much 

statistical information relative to the slope of the Ohio and of its prin- 

cipid tributaries, mostly compiled from data furnished by the various 

railroad surveys, which have so thoroughly covered the region. The following table 

is extracted from tins paper, the distances being added from an accompanying dia- 
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It will be noticed that these elevations correspond to the low-water period. The 

_. x range between extreme low and extreme high water seems to be about 

Its range be- ° a 

tween low and 45 feet throughout the entire river. Thus at Wheeling, it is 45 feet; 
high water. at L Qtl isvilIe, 42 feet an the falls and U feet U-faie tbem; !|: at Evans- 

ville, 40 feet; at Paduetih, 51 feet; and at the month of the river, 51 feet. The usual 
range does not exceed 25 feet. 

The least low-water depth on the bars, from the mouth of the river 

dlpth WWater t() I'aductdi, is about 3.0 feet; thence to Louisville, 1.5 feet; thence to 

Cincinnati, 2.0 to 2.5 feet; thence to Wheeling, 1.0 foot. 

From the maps of the United States surveys made by Mr. C. A. Fuller, 

under the direction of Captain J. Saunders, U. S. A., and now on file in the Bureau 



* At a medium stage or water, a rise of 1 d>oL on the falls makes a rise of abOTl :i feel below l"cm. "»(>' "-lie water 
on tliii lulls in ubout , r i feel deep, SuWijuuiiily the rate of rise liojow is rather less than 1! feet, 
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of Topographical Engineers, War Department, the mean width of the 
Ohio between Pittsburg and Point Pleasant (the upper third of the I^ofl^ 
river) is 1000 feet at low water and 1200 feet at high water, the cor re- section. 
spending areas of cross-section being about 5000 and 50,000 square feet, respectively 
These dimensions gradually increase until, near the mouth of the river, the widths' 
become about 2500 feet and 3WJ0 feet, and the areas 50,000 square feet and 150 000 
square feet, respectively. 

The Ohio river, as will appear in the next chapter, discharges annually about 5 

trillions of cubic feet, or about one-quarter of the annual discharge of 

the Mississippi. Its flood discharge varies of course at different localities Its dischar s: - 

and has not been well determined. At Wheeling, at the top of the flood of 1S49 

(May 8), when the river stood 20.0 feet above low-water mark, Mr. Eliot found the 

discharge to be about 200,000 cubic feet per second. In June, 1S58, the discharge at 

the mouth could not have been less than 700,000 cubic feet per second, judging by the 

measurements conducted upon the Mississippi, at Columbus, 

The following information has been collected from reliable sources respecting the 
usual succession o\' stages of the Ohio. The first rise occurs when the 
snows melt and the winter breaks up. Generally, tins occurs in Feb- aicSon 

ruary. but is sometimes later. This rise is generally 10 or 15 feet of stages. 

greater than any other at Louisville. The average spring rise is about 25 feet at the 
mouth of the Ohio, tiie river remaining high about six weeks, the tributaries disenaraing 
their Hoods wry nearly at the same time. On Louisville falls, it is from 15 to 20 feet. 
This is the rise which occasions Hoods in the Ohio. 

The next rise usually occurs in May or -Tune. This is due to the 81111111101- rains, It 
is usually the smallest of the three regular rises known in the Ohio. It lasts three or 
lour weeks at Cairo and one or two at Louisville. 

The next regular rise is in the autumn. In October the river is always low, but 
early in November, generally, it begins to rise and often continues to do so until the 
banks are full. This rise, however, is not to be depended upon. It is due to autumn 
rains, and sometimes occurs as late as Christmas. 

The Ohio is generally lowest in August and September, when it is only navigable 
for boats of 18 inches draught. 

It freezes generally about Christmas, and sometimes remains frozen for four weeks. 
In 1855 it was frozen at Louisville sixty-fivo days, the longest: time ever known. The 
ice from Alleghany river ia the most dangerous tor boats, as it is heavier and thicker 
than that from any other tributary. 

In fine, the usual succession of stages appears to be as follows: January, river frozen; 
February, breaking up and high; March, high; April, high; May, falls somewhat; June, 
rises again; duly, falls and Is low; August, very low; September, very low; October, 
very low; November, rises; December, well up. 

At Louisville, the greatest Hood ever recorded occurred on February 22, 1832. The 
water stood -12 feet above luw-water mark at the bead of the falls and 
01 feet at their foot. The second Hood at this city was highest on SofT** 

December 2d. 1S-17, and stood -11,2 feet above low-water mark at the 
head of the falls, and B8.2 feet at their foot, In April ('.'). 1861, two great rises of equal 
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height occurred, separated by a fall of smut 1 10 or 12 feet. They attained a level 33.5 
feet above low water on the falls. A destructive flood, which stood 34 foot on the falls, 
occurred in LS54, Another about 2 feet lower attained its height on February 21, L859, 
followed by a second rise (May 2), which stood 27 feet on the fulls, or only 5 foet 
below the level of the first rise. 

Tributaries. — The principal tributary of the Ohio is the Tennessee. The true source 
of tins stream (Ilolston river) rises in tin; Alleghany mountains, at an 
elevation of 2500 feei above the level of the sea. It is a rapid stream, 
some -100 feet in width, (lowing through a narrow valley over a rocky bed. It doubles 
its size when joined by the French Broad, a river which heads in the Iihie ridge and 
winds through a broader and more fertile valley than the Holston, Below tlie junction, 
the pools become from 20 to 40 feet in depth, and the shoals less frequent. Clinch river 
increases the volume of the Tennessee some 50 per cent. Islands become numerous. 
In four places the river is contracted by high promontories, and made very deep and 
rapid. Below these obstructions, the course is more direct and the current gentle and 
uniform to the Muscle shoals. These shoals extend S6.S miles. They are composed of 
a Stratum of compact limestone mixed with flint. The fiver flows over them with a 
rapid current and occasional deep pools. It is here from O.o to 1.0 miles wide, and has 
a minimum depth in low water of about 1 foot. The total fall from llie head to the 
foot of the shoals is 1G4 feet, or at a mean rate uf 4.4 feet per mile. [Surveys of board 
of If. S. engineers.] Below the shoals, the current is gentle and uniform, The extreme 
range between high and low water in both the Holston and French Broad is about 25 
feet; just above Muscle shoals, 12 feet; on the shoals, 5 feet; at their foot. 20 feet; 28 
miles below them, M0 feet; at the mouth of Tennessee river, about 50 feet. The eleva- 
tion above the sea at the Seven-mile ford of the Holston in Virginia is, according to Mi\ 
Kllet, I'Jll feet; at Chattanooga, U I :l feet; and ai the mouth (low water), 286 feet 
These numbers indicate the mean slope between these stations to be 2.o and O.lj feet, 
respectively. 

The next tributary of the Ohio in importance is the Cumberland. This stream 
rises in the Cumberland mountains, and has a rapid descent to the plains. It then 
flows more gently to the falls, where it pours over a cliff of pudding-stone 56 feet in 
height. Below these falls it is enclosed between Mulls some 600. feet in height, and has 
a rapid current as far down as Laurel river. Here commences the coal region, which 
extends 13 miles down the stream. The principal obstruction to navigation below is 
the triple rapid, called Smith's shoals, where the river falls 54 feet in about miles. 
The stream here expands from its usual width (37-1 feet) to about 600 feet. [Captain 
Stansbury, U. S, A.] The elevation above the sea, of the Cumberland at its mouth 
(low water}, is, according lo Mr. Kllet. !2S4 feet, ami at Nashville, 888 feet, giving a 
mean slope in this part of ils course of about 6.5 inches per mile. 

The following extracts from the paper of Mr. Kllet. already mentioned, present data 
of interest respecting the slope of the other tributaries of the Ohio: — 

'■ The Wabash, next in succession, but perhaps equal in volume to the Cumberland, 
is the largest of the tributaries of the Ohio which descend along its northern plane, 
The elevation of low water at the mouth of the Wabash is 2!)7 feet above tide. In the 
lirsl 01 miles, extending from its confluence with the Ohio to the mouth of White 
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river, the fall i* 57 feet, or 7i inches per milt. 1 , * The total descent 

from the mouth uf Little river to the Ohio, a distance computed at 370 miles, is 385 
feftt, or A small fraction over 12 inches per mile. 

"Green river enters on the left border of the Ohio, from the State uf Kentucky. 
The average inclination of this .stream from Bowling Green, on Barren river, a tributary 
of Green river, to its mouth — a distance of 175 miles — is 4£ inches per mile. The 
actual fall in this distance is OD loot, and the rate of inclination but one-third greater 
than that of the lower Ohio. ********* 

M Kentucky river is the next important tributary which we find on ascending toward 
I lie north. The distance by the meanders of this stream from Three forks to its month 
is 2574 miles, and the total fall 216 feet, or L(> inches per mile. 

# x ********** 

**Tli<* Lickiri" river from West Liberty to the Ohio, a distance of 231 mileB, tails 
310 feet or 161 inches per mile ; while Guyarulotte river, from Logan's court-house to 
the Ohio, a distance uf 71 miles, falls 142 feet, or 23 inches per mile. * 

•■ The Great Kanawha, the next in succession, is a navigable river, and is correctly 
rrNR'sented in the profile. From Loup-creek shoals to the mouth of the river is 89 
miles, and the descent ^ feet, or very nearly 12 inches per mile. * * 

-The Little Kanawha, from Bulltown to Eljzabetfltown, lOSi miles, falls 181 feet; 
and from Elizabeth town to the Ohio, 271 miles, the fall is 28 feet, or 12i inches per 

'• The Scioto is not navigable. The distance from Columbus to Portsmouth is abuut 

] 00 miles by water, and the fall 302 feet, 

"The .Muskingum, from Zatiesvllle to Marietta, about 00 miles, falls 104 feet." 
Willi regard to the annual spring freshets of the tributaries, little defiuite in forma- 
lists. The Cumberland and Tennessee usually send out their Hoods together and 

I'.t The Wabash ibllows. Lastly, the upper tributaries contribute their discharge. 

Tl >'c is however, very little-diil'ereuec in the times of these floods, and, for all praeti- 

i naoA thev mav be said to be coincident at the mouth of the Ohio, 

cal purpose^ *»«y ,' . . , . 

Th • Tennessee and Cumberland are navigable tor seven mouths in the year; the former 

Muscle shoals, some 600 miles, and the latter to Uurkesville, 370 miles. The 

W 1 nah in unviable to Lafayette, 335 miles, for about five months. The Kentucky and 

C ■ ■ >n rivers and some of the smaller rivers have locks, which make thetn navigable for 

about ten months in ordinary years. 

V.Uuo 1JASJN. 

The Yazoo basin consists of the Yazoo bottom and its water-shed. . 

Bowulaiie* ""</ f "' m - — ^he est erior limits of the Yazoo basin can be 
■i • traced upon La Tourre tie's map, which is drawn on so large a scale that the 
■ ' r .1- rid' r e between small streams draining into and away from the bottom lauds 

i;k distinguished. Its total area is 13,850 square miles, 
can lie reamn »■■' = , * 

Tl • Yazoo bottom is a tract ol alluvial land ot an oval shape, border- 
U) „ U L the Mississippi between Memphis and Vicksburg, and con- JH55B8! 
st hating the western portion of the basin. (See plate II.) 
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In the preliminary report* of Mr. L. Harper, the State Geologist of Mississippi, the 
boundary of this region is defined as follows : Beginning at ;i point oil the Tennessee 
State boundary, near the dividing line between R. 8, W. and It, 0, W., it extends south- 
ward to T. 4, R, 8, W., where it passes around a projection of the bottom lands of Cold- 
water river. From the division line of T.'s 4 and 5, It. I), W., in Be Soto county, 
it runs again in a southern direction to T. 20- 1{. 8, W.. in Panola county, where it runs 
around a projection of the bottom lands of the Tflllahatehee river. From T. 28, li. 8, W,, 
in Panola county, it takes again a southern course toward Charleston, in Talbihatehce 
county, passes about a mile west of that town through T/s 25, 24, 23, E. 2, JO., and then 
runs around a projection of the alluvion of the Yallabnsha river. From the line of 
Tallahatchee county, T. 22. It. 2, E., it turns again south, down IE. 2, K., through the 
townships 21, 20, 10, 18, 17, in Carroll, and T.'s 10 and 15, in Holmes county. Thence 
it takes a sou tii west direction toward the southwest corner of T. 14, 11. 1, E., in Holmes 
county; continues in that direction to Yazoo City, where the Muff conies within a very 
short distance of the Yazoo river; and then passes through ranges 8 and 7, lv. townships 
11 and 10, to a mile below Satartiu. Thence it runs through T. 10, K. 6, W., in Yazoo 
county, and through T.'s 18 and 19, ranges 5 and 4, W., in Warren county, to Vicks- 
burg. Thence the Mississippi forms its boundary northward to the Tennessee State 
line. The portion of the bottom which extends into the State of Tennessee is very 
trilling in extent. 

Mr. Harper estimates the area of the Yazoo bottom in Mississippi at 7(102 square 

miles. By drawing on La Tourrette's map the boundary just, given, and 

accurately computing the extent of the bottom, including the atrip ill 

Tennessee, the entire area was found to be 7110 square miles, thus confirming the 

accuracy of Mr. Harper's computation. 

This region is not entirely alluvial. The operations of this Survey, together with 
It is traversed reliable information communicated by persons residing in the bottom 
by a line of high lands, show that it is traversed bv a line of high lands, some 2 to 
laad - miles in width, which are very rarely, if ever, overflowed. They extend 

from Honey island to Delta, on the Mississippi, separating the Yazoo and Tallahatchee 
rivers from the Sunflower. The soil is different from that of the rest of the bottom, and 
the ridge is believed, for many reasons, to be the true prolongation of Crowley's ridge. 
which has heretofore been supposed to terminate at Helena. The area of this belt of 
high land, as nearly as it can he estimated, is about 310 square miles. 

The entire basin therefore consists of: 

Area of Yazoo gqww mtiM. 

basin classified. Bottom Iimils linlile io be tubmerged.. , U,tKJt> 

Uiilgcs in biiiiotn liinds - S1IJ 

LuliiIh draining inio bottom. ...... ■ U,7H) 

Toitil biihin uf Ynzoo river 18,880 

IbpOffragphy of the l*>n<>m lands, — In its general features, this region is a vast, densely 
General topog- fh'ibeml plain, sloping from the Mississippi river toward the east, at a 
rapby of Yazoo mean rate of about 11.4 of a, foot per mile, according to the levels run by 
bottom. Mr< p att ; gon ' s part<v iwlir its ln j,i t i llt p aPa ii e | (l) i iltL , iV); and sloping from 

* Prelim iiuii'y Il"|>urt mi the (ifuln^v and AKricnltaie nf the State at MIwiBaippi. ■'ncksim, IMW« 
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north to south, at a mean rate of about 0.6 of" a foot per mile, as deduced from the fall 
of the Mississippi between Memphis and Vicksburg. 

The natural system of drainage of this region is very favorable to its protection 
against overflow and to the conversion of the swamp lauds into cultivable 
ground. Parallel to the tertiary hills which form the eastern border of drai^agf 

the bottom, and hut a few miles distant from them, is found the main 
stream. It is known successively as the Cold-water river, as the Tallahatcbee river, 
and. finally, as the Yazoo river, and is a large, navigable stream. It receives many 
tributaries from the hills, the principal being the Cold-water, the Tallahatcbee, the 
Yock-na-pa-ta-fa, and the Yallabusba. Until very recently (1852?) it was connected 
with the Mississippi by the Yazoo pass, a large bayou, which left the river about 10 
miles below Helena; but a levee is now built across this inlet. While the Yazou Hows 
nearly south, it receives comparatively little of the drainage of the swamp lands west of 
it j but when it bends toward the Mississippi, in the lower part of its course, its volume 
is soon augmented by the contribution of a system of large swamp drains or bayous. 
The principal of these are the Sunflower river, Deer creek, and Steele's bayou, but there 
are many others, which, under different names, connect the various cypress swamps and 
winter lakes of the interior. These channels, with the single exception of McKinney's 
bayou which empties into the Mississippi just above Stirling, all drain away from the 
Mississippi to the Yazoo river with a general southerly course. They were formerly 
annually overflowed by water winch left the Mississippi through innumerable bayous, 
whose beds varied from 15 to 5 feet below the level of the natural banks of that river. 
This water, in annually filling and spreading over the banks of the great swamp drains, 
deposited its sediment upon them, and thus formed a system of high hanks or natural 
levees extending in a general direction from north to south through the swamps. 
The annual supply of sediment-bearing water is now cut oft' by the Mississippi levees, 
except in great tlood years, but the natural swamp levees remain and serve a useful and 
in restricting the limits of overflow when crevasses do occur,* 

The natural advantages presented by this system of drainage for protecting the 
Country from uvcrtlow are apparent. The whole region is supplied with Ita advanta&es 
natural drains having ample slope to carry oft' its downfall, provided the in an economical 
Mississippi water can be excluded. Since none of these drains discharge pom ° vieWl 
into the Mississippi, they do not prevent a continuous chain of levees upon its banks. 
Lastly, even if a few crevasses do occur, the water poured into the swamps is conlined 
by natural levees to comparatively narrow belts of land, and large areas are thus left 
un flooded. 

Qealoffy <;f th>- bottom fund*.— It is impossible to give detailed information respecting 
the character of the soil, etc. of the greater part of the Yazoo bottom, Qbo1 ical dat(L 
since the region has been very little explored, and what little intbrma- 
tion has been collected has not been published. The route from the hills east of Green- 
wood, via McNutt, to Prentiss, on the Mississippi river, has, however, been carefully 
examined by a party of this Survey in charge of Mr. II. A. Paltison, Besides running 
transit and level lines across the swamp, this party collected a great deal of information 



* Thus in the April rise of lb5«, tfw high banks pf Deer creek almost entirely protected "'« &wa»>P> w*t uf t 1 "' 111 
from Mississippi water. 



S ( REPORT ON Tilt; II Z.8SIS.S1 P PI It I V K It 

concerning it, which forms the basis of this account. The line surveyed crossed the 
bottom near its middle parallel of latitude, and probably gives a fair general idea of the 
whole. 

From tlit? tertiary hills to Yazoo river, near the route surveyed, the surface soil 
is dark alluvial earth, underlain by a stratum of gravel simitar to that 
of the hills, hut less coarse. The roads become so solid after a rain that 
the shoes of the horses hardly make any impression upon them. Between Yazoo river 
and Mc-Nutt, the character of the soil is identical with that just described. From 
McNutt to Snnilower river, underlying the vegetable mould and the alluvion is a 
stratum of dark heavy clay, which, when exposed, is culled "buckshot" land by the 
settlers, from its fancied resemblance to leaden balls, \vhen it has been baked and 
cracked by the sun. Strata of blue clay frequently crop out in low places. After 
passing Tompkins' bayou, the soil contains much lime; so much, indeed, as to whiten 
leaves lying upon it alter a rain. The Sunflower river itself ia very strongly impreg- 
nated with lime. At low water, it is of a dark-green color, and very transparent. It 
evidently receives its water in part from limestone or mineral springs, the latter of 
which abound on the eastern border of the bottom lands. From .Sunflower river to 
Jones' bayou, the soil is generally similar to that between Sunflower and MeNntt, 
but in some places it begins to resemble more nearly the deposit from Mississippi 
water. Between Jones* bayou and the Mississippi, the surface soil is composed of this 
deposit. 

The surface soil in Bolivia and Washington counties is reported to be black mud 
with some calcareous marl. Limestone witters are unquestionably found in these 
counties. 

To ascertain the nature of the sub-soil, inquiries were made respecting the strata 
s , -, pierced in digging wells, etc. No great variation was found in different 

parts of the swamp. At (Ireenwood, many wells were examined. For 
2 or S feet, a dark-eolorcil alluvial stratum is penetrated; then a layer of heavy red 
and yellow clay, some IS or 2(1 feet thick; then blue clay, from 2 to 4 feet thick; 
then coarse gravel, which is water-bearing. At McNutt, the upper stratum, some 2 or 
ii feet thick, is the ordinary surface soil; next is a stratum of light-red sand and clay, 
some 20 or MO feet thick. Frequently strata of blue clay, from 2 to 6 feet thick, are 
encountered 1<> or 2i> feet below the surface, and at this depth sticks and leaves are met 
with. At Sunflower river, the surface soil is about 10 feet thick; then comes a stratum 
of light-red day, some (1 or 7 feet thick. At 32 feet below the surface, a stratum of 
dear white sand with water is found. At Bogue Falaya, wells are not used, and cisterns 
only have been dug. The soil is light and sandy for some 10 or 20 feet, and then blue 
mud is found. At, Bluek's mill, near the mouth of Yazoo river, a well has been dug 
t lin nigh a stratum of hard clay containing many sticks and leaves. At 40 feet below 
the surface, a layer of quicksand was reached, which rose several feet in the well and 
prevented farther progress. At Mr. Blake's plantation, 10 miles above the mouth of 
Yazoo river and bordering upon the bills, the strata pierced are surface soil, clay and 
sand, gravel — often containing large trees — and, lastly, blue clav, which is some 12 or 
14 feet below the surface. This blue clay underlies all the hills. These hills contain 
much gravel and limestone, and often rest upon strata of sand. Near lake Washing- 
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ton, some 5 miles from the Mississippi, a sycamore tree, in a state of perfect preserva- 
tion, is said to have been found at a depth of 40 feet below the surface. 

The beds of Yazoo and Sunflower rivers are both composed of the same kind of 
blue clay as that which forms the bed of the Mississippi, and what is 
a singular and interesting fact, the bottoms of these three rivers are all US,?** 681 * 
upon the same absolute level, where crossed by the line of the survey. 

The preceding facts seem to warrant tlio conclusion that the alluvial soil of the 
entire region, which is unsurpassed in fertility, is underlain by a stratum of clay, vary- 
in"" from 20 to 40 feet in thickness and resting upon a stratum of gravel or sand. 

Growth on the bottom hinth. — There are three classes of land in the Yazoo bottom: 
the "high" land, winch is rarely overflowed; the "middle" land, which Foregt gT0Vth 
is overflowed during the wet season; and the low " cypress swamps," 
parts of which always contain water. 

The high land sustains a growth of heavy cane, gum, white oak, ^ 

white black, and red hickory, holly, spicewood, dogwood, sassafras, 
walnut, and pecan. 

The middle land is covered with ash, gum, over-cup oak, black oak, upon middle 

and haekberry. laud ' 

The low swamps contain cypress, many varieties of water-oaks, privet, box-elder, 
haekberry, and swamp ash. The cypress swamps, which are found in Upon low lmd 
all parts of Yazoo bottom, are from 2 to 10 feet deep at low water. 
The deepest parts, near the middle, are usually without timber. They are unquestion- 
ablv the remains of lakes winch have been annually filling up by deposit from the 
Mississippi river. 

The timber between Greenwood and McNutt, on the line of the survey, is rather 

a m nil rawine probably to the stiff nature of the soil. Prom McNutt to 

sman, oh *" D [ j On the line 

Bogue Falaya the route traverses an almost unbroken cane-brake. Oak, surveyed. 

hickory and other trees common to the swamp, are scattered through 

this cane, and, where the soil is especially rich, the growth is luxuriant, resembling 

tropical vegetation. 

The size of some of the swamp trees is enormous. One cypress log was rafted out, 
Which was 84 feet long, and 5 feet 4 inches in diameter at the smaller Sizeofthe 

and. Another was sawed at Mr. Block's mill, 60 feet long, and 5 feet 1 fSwbst. 

inch in diameter at the smallest place. 

Floods m tl„- botkrm /«>«/».— Full and exact information relative to overflow was 
adlectcd on Mr. Pattison's transit and level survey through the Yazoo g^^ 
bottom. (See plate II.) In Appendix F will he found a table giving flow ^ i 858< 
the depth at high water, 185S, at stations 1000 feet apart on this line, 
w ' |||i . |i ,. xt ends entirely acr..*s tin- middle )l: irl <.f the re-ion. i'mm the hills to the .Mi-- 
' ■sinn! river, a distance of 72,5 miles. A profile of this line is also shown on plate IV. 
East of Bo tr ue Falaya the line was run twice, as a check against errors, and tested 
tl orouffhiv. The mean depth of overflow on this whole route at high water, 1858, was 
2 35 feet * If about 12 miles, not overflowed, be deducted, the mean depth on the 
remain in" part of the line, which, of course, includes all land actually submerged, was 
§08 feet The deepest overflow was between Bogue Falaya and Jones' bayou, where 
the mean depth &r the 10 miles was 5.5 feet, the maximum being 12.5 feet 
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This line was selected particularly with a view to determining as closely as possible 

the mean overflow of the entire swamp. The resulting mean depth 
Confirmation , .,, ,. ,. , ? ,, ,, . 2 « .,, 

of this result. accords with the estimates nt many gentlemen well acquainted with 

the region. For instance, several months belt ire Mr. Pattison's survey, 
Mr, John O'Malley, of Vieksburg, who has spent much of his life in the bottom, esti- 
mated the depth of overflow on a line between Greenville and McNutt, as follows: — 

Estimated section of Yazoo hoftom. 
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Making a total distance of 59 miles, with a mean overflow, for the whole distance, of 
a. 01 feetj a singular accordance with the result of Mr. Paltison's subsequent survey 
over an entirely different route. Tliis. with other verba) testimony to the same effect, 
induces the belief that about 3,0 feet is an accurate estimate of the mean depth of 
overflow in the submerged portion of Yazoo bottom at high water in 1858. 

Mr. Pattison availed himself of every opportunity to compare exact high-water 
Relative depth miU ^ <>? & fl different great-flood years in the swamp. The following 
of overflow in table exhibits the data thus collected. The datum-plane to which the 
former floods, g gureg ; H t | R , uMc wfef ; s tU} ^.^ of th(j , iigh wat( . r of t j, e Mjssis- 

sissippi river in 1858 at Prentiss. They denote, therefore, the number of feet below 
that plane of the swamp high-water marks: — 

Flt>ti<l-)ixu-}:-s ui Yicfxi I'., it,,,, i 
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In 1828 the depth of overflow exceeded that of any subsequent flood. It is prob- 
able that the entire region between Yazoo river and the Mississippi was 
flood S o r f e i828 tme Outflowed, as, after the water fell, the Indian mounds were found 
covered with the remains of Wild animals winch had perished on them 
from starvation. This is said to have also occurred in the great flood of 1782. In 
1828 the rains began early and continued until August, making the season an unusually 
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wet one. The tributaries of the Yazoo and Tallahatchee were flooded, and the swamp 
was impassable from rain-water before the overflow from the Mississippi entered. 

In 18-14, also, the swamps were full of rain-water before the rise in 
the Mississippi occurred. This Hood was not equal to that of 1 858. 01 1844. 

In 18-50 there were two distinct rises: one, the highest, in May; the 
other in June. Neither of them was equal to the highest rise in 1858. Of 1850. 

In 1851 (he Hood was about equal to that of the nrecedin" 
year. 0f l851 < 

In 1858 the swamps were impassable from rain-water before the Mississippi rose. 
Even on the first of January this was the case on the route between 
Prentiss and McNutt, and the survey of the line was for this reason 0f 1858, 

deferred until low water. During the spring the Yazoo and its tributaries were within 
5 feet of extreme high water. There were two distinct overflows in the swamp: one in 
April, of very short duration ; the other in June and July. The latter was much the 
higher of the two, and covered on July 15, as already seen, 6800 square miles of the 
swamp to a mean depth of about 3.0 leet. It was probably (be deepest overflow which 
has occurred since the flood of 1828, although not very different from those of 1850 
and 1851. 

There are in many parts of the swamp extraordinary high-water marks, which have 
given rise to much speculation, being too high to have been made by a 
general flood, unless by one which far exceeded any of those known to Traditional 

the present generation. One of these marks is 4,3 feet above the high- faf^S? 

water level of 1858. It is distant about 2 miles from McNutt, in a 
lake, or rather a kind of drain from the swamp to the Talhihatchee river, which dis- 
cbarges much water when the swamps are flooded. There are also two large inlets to 
this drain from Talhihatchee river: one 10, and the other 20 miles above McNutt. 
Tliis bigh-water mark was doubtless caused by the simultaneous occurrence of a large 
Ikxid both in the swatnp and in the Tallahatchee river, which filled the drain so rapidly 
1 1 nit it. became very unusually full of water. Another of these marks, situated near Porter's 
bayou, is some 3.0 feet above ordinary flood-marks at the same place, but is explained 
by similar local causes. Until one of these extraordinary marks is found so situated 
that it can only be accounted for upon the supposition of & general overflow, they cannot 
be accepted as evidences of the occurrence of a Hood in former times greatly surpassing 
all those of which there is record or tradition. 

Yazoo river, — This river is in many respects a peculiar stream. It flows near the 

eastern part of the Yazoo bottom, from its northern to its southern yazoo ' 

extremity, being known as (.'old-water river until joined by the Talla- ;t 8 character, 

hatchee, and then as Tallahatchee river until joined bv the Yallabusha. slope, and 

,,,..-. .. , 7 cross-section. 

Below the latter junction it assumes its proper name — Yazoo nver. 

The total length of this stream, from its proper source, Horn lake, to the Mississippi, is 

about 51)0 miles. At its high stage it is navigable for steamboats drawing 5 or 6 feet 

water, as far as Panola, on Tallahatchee river, and as far as Grenada, on Yallabusha 

river. H is navigable for boats drawing from 2 to 3 feet water, as far as Greenwood, a 

distance of 240 miles, at all seasons of the year. Its average bigh-water width below 

Greenwood is about 850 feet. Its high-water cross-section is, near Greenwood, 17,0(10 
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square feet, and just below the mouth of Steele's bayou, 50,000 square feet ; the tlifTep- 

once being mainly due to tbe swamp tributaries,* Its range at Greenwood is -JO feet; 

at Yazoo City, 35 feet; and at its mouth, 4S feet. Its total fall at high water, from 

Greenwood to its mouth, is shown by the levels of this Purvey to he about 40 feet, 

giving a mean slope per mile, in this distance, of 0.16 of a foot. Its current is sluggish, 

rarely exceeding 3 miles pur hour below Greenwood, even in the swiftest part of the 

stream . 

The total annual discharge of the Yazoo river can he estimated in the following 

manner. The area of the entire Yazoo basin, as already seen, is 13,850 

Its annual square miles. The mean annual downfall in this part of the Mississippi 

discharge, l , 

valley is (see Chapter 11) about 40 inches. In 1858 it was 54 inches. 

By a process hereafter explained, it is demonstrated that 0.96 of the entire downfall 
in this basin in the year 1S58 eventually drained into (lie Mississippi. It is sale, there- 
fore, to assume 0.0 as the usual value of this ratio. This gives 1,350,000,000,000 cubic 
(bet for the mean annual discharge of the Yazoo river; a quantity nearly one-fourteenth 
part of the mean annual discharge of the Mississippi. 

The floods of the Yazoo river proper, exclusive of the Mississippi water, are irreg- 
ular in the time of their occurrence. There is generally, however, a 
tlood in February and March, and often another in the autumn. The 
river is usually low from June to December. 

The Mississippi levees have already effected a great change in the regimen of the 
river. 

Former! y, even as recently as 1850, the Mississippi began to pour into the swamp in 
large quantities when fully 10 feet below high water. Tins water filled 

Its ormer ( ^ bottom lauds and passed through the innumerable drains to 

regimen ' _ c . 

Yazoo river, causing it to discharge Huljunuli/ u great ruin me <>f water 

back mto the Mississippi, esen at tht fop of tin- /ii>f/u-.st jhmlx. This fact is established by 

the direct evidence of many who speak from personal knowledge. It was particularly 

noted in 1828 and 1850, when the velocity of the current in Yazoo river is stated by 

eye-witnesses to have exceeded even that of the Mississippi itself. It may, therefore, 

be doubted whether these swamp lands reduced in the Least the discharge at the top of 

the floods, at points below them, before the levees were made. Even in 1858, when the 

water was excluded until the river was very high (and when, therefore, the swamps 

should, if ever, have served as reservoirs), at the actual top of the flood, the Yazoo 

river, In/ measurements, returned 129,000 cubic feet per second at the date of highest 

water at Vieksburg (June 27) to the water-prism, which in passing the entire front of 

Yazoo bottom had lost only 1 24,000 cubic feet per second by crevasses. There is a grave 

error, therefore, in the following views : "The floods of the Mississippi are produced by 

water which does not go into the swamps at all, but which descends through the main 

channel of the river, aided by the discbarge received from the tributaries on the way. 

The height of the flood at any point depends on the volume that is brought down by 

the river and its tributaries, and not by the discharge from the swamps. But, after the 
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river has attained its hdtjht, the supply is kept up, and tlie duration of the Bood pro- 
loured, by the subsequent discharge from the swamp*."* This matter is Cully discussed 
in Chapter VI, where it properly belongs. Here it is only incidentally noticed. 

At present, as long as the Mississippi levees remain unbroken, the Yazoo is backed 
up so as to become dead water (sometimes even for TO mites) during 
rapid rises of the Mississippi, If there happen, however, to be freshets refflmeif 11 

in some of its tributaries, the Yazoo may maintain its discharge even in 
very rapid rises of this river, as, for instance, in the December rise of 1S57, during the 
whole of which a moderate downward current was observed. Sometimes, but very 
rarely, there is an upward current of Mississippi water, which has been known to 
extend 40 miles up the river. 

It is stated that a marked change in the color of the water has occurred near the 
mouth "f the Yazoo river, within the last eight or ten years. Formerly 
the floods were clear. Now they are becoming more and more muddy oSraMrf ' 

every year, probably from the increased cultivation of the banks of the the water. 

river. 

No general system of leveeing has yet been adopted for this river, 
but several private levees have been made uu its banks and on those of 

its bayous. 

The following facts were collected relative to the Yazoo river during the Hood of 
1858. At Greenwood there was a great freshet in January; the river 
again rose, from rain-water alone, so as to he in April within 5 feet of m 1858. 

extreme high water. It then fell rapidly some 20 feet. When the 
breaks in the Mississippi levees began to occur, it rose rapidly and steadily to a point 
i!,:. of a foot below the high water of 1S50. At a place some 8 miles above Greenwood, 
however, it stood 0.7 of a foot above the high water of i860. It only remained stand- 
ins a single day (July 21), and then fell rapidly to comparatively low water. At its 
mouth, the river followed very closely the oscillations marked by the Vicksburg gauge. 
Exact measurements of discharge were made from time to time at this locality, so that 
the daily discharge during the Hood is accurately known. (See Appendix E.) 

Sttfum mowwfej '/'•■— Indian mounds are to be found throughout the entire bottom. 
They are evident!) artificial, being composed of the ordinary swamp 
soil.' mid containing bones, articles of pottery, etc. These mounds are ***** J* * 
especially numerous near Sunflower river, as are also Indian burial f ^habitants. 
places. In one locality the caving of the river bank has exposed many 
human bones and other relics of the former occupants of this region. The great age 
Of these- mounds may be inferred from the feet that some of the largest tives <>t the 
rogion are now growing upon them. On the banks of the Yazoo river many shell 
mounds exist. They are above overflow, and are made of the shells of fresh-water 
muscles such as are now found in the river. No traditions relative to their origin are 
preserved among the Indian tribes of the present day. Old fortifications are also 
reported to exist in the swamps, but none were examined by the parties of this Survey. 
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BASINS OF SMALL UIIUTT Tit ! HIT A 1! IKS. 

The great divisions already described comprise nearly the whole of the basin of the 
Mississippi, but there are a few small streams which discharge directly into the main 
river below the junction of the Missouri and Upper Mississippi, and winch are, there- 
tore, not included. These will he briefly noticed under four heads: the Maramer, the 
Kaskaskia, the Obion, and tin- Big-Black basins. 

Ma rutin i basm. — The northern slope of the eastern portion of the (l/ark mountains 
drains into the Maramee river, a stream which enters the Mississippi a lew miles below 
St. Louis. This basin is hilly in character, containing no lands liable to inundation. 
Its area, taken from Hutawa's sectional map of Missouri, is 5470 sipiare miles. This 
estimate includes all the country between the Missouri and (Jape Girardeau, on the 
right bank, which drains directly into the Mississippi. 

KitxkmL'ut btism. — Under this head is included all the region draining into the 
Mississippi on the left bank, between the mouth of the Missouri and the mouth of the 
Ohio, It is named from its principal stream, although there are others of considerable 
size — the Big Muddy, for instance. The country is mainly prairie, but, upon the 
immediate bank of the Mississippi, a considerable area is liable to inundation in .meat 
Hoods. The "'American bottom," between the mouths of the Missouri and Kaskaskia 
rivers, contains the greater part of this swamp country, but there is another limited 
belt above Cairo. The area of the whole basin is about 'J-12U square miles. 

The Kaskaskia river itself resembles the Illinois. It Hows with u very crooked 
course through a heavily limbered alluvial botlmn, liable to be overflowed to a depth 
of 8 or II) lect in freshets. Its bed is almost dry in the summer, but, when high, the 
stream has a strung current. 

Obion basin. — Between the Ohio river and the bead of the Yazoo basin lies an 
extended tract of country, which, for want of « better name, has been designated the 
Obion basin. It is drained by four nearly parallel rivers: the Ohiou, the Fork ed-i leer, 
the liatehec, and the Wolf; the Ilutehee alone being, properly speaking, a navigable 
stream. The area of the entire region is about I0,:i-j(.l square miles. 

This reirio'n is in the main an upland, hilly country, but, as shown on plate II, the 
Obion and Forked-deer rivers How through somewhat extensive swamps near their 
mouths. It is generally believed that the great earthquake in 1SI1, which depressed 
so much country on the opposite bank, materially increased the area of these swamps. 

The Ilutehee river, before certain railroads were built, was an important avenue for 
transporting cotton from the interior to the Mississippi. It is navigable to Bolivar — 
some 1-jtl miles — from four to six months in the year; its usual range between low and 
high water being about lo feet at Bolivar and :>0 feel at its niouth. Us average high- 
water width is about 3S0 feet, and its high-water cross seel nni about 8000 square feet. 

Big-Mack bctsm. — The region draining into the Mississippi between the mouth of 
the Yazoo river and the alluvial lands below Baton Rouge is classed under this general 
head. It is drained by many streams, the two principal bring the Big Black, Which 
enters the Mississippi just above Grand Gulf, and I he Homo Chitto, which eiiteis helow 
Ellis dills. Excepting a narrow strip along the immediate bank of the Mississippi, this 
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whole basin is made tip of a rolling, hilly country, entirely above any danger ol' 
inundation. Its area is about 72(10 square miles. 

Summary. — These small basins compose all of the Mississippi valley not incl tided in 
the preceding grand subdivisions. Their total area is as follows; — 

Bquiiro milon. 
Mararoec liasin 6,470 

ICusfcsskiii hn«in ft, -120 

Obion busia - ■ ! 0,250 

Big- Muck basin.... 7,2t;l> 

Total - ■ B2,«W 

This country is situated in that portion of the Mississippi valley where the rain is 
greatest and contributes a much larger proportion to the annual discharge of the 
river than is generally supposed. In other respects it possesses but little Interest in 
the discussions of this report, a small portion of it, only, being subject to overflow. 



I'AUl LAK SUMMARY. 

It is often convenient to be able to refer to a condensed tabular exhibit of the prill* 
cipftl hydrographieal features of the basin of a great river like the Mississippi. For 
this reason the following table has been prepared, partly from the preceding description 
of its several subdivisions, and partly from the nest chapter, where the main river is 
treated. All the important direct tributaries may thus at a glance be compared in 
respect to their length, slope, dimensions of cross-section, discharge, area of basin, 
dawn fall of rain, and drainage. 
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CHAPTER II. 

THE MISSISSIPPI RIVER BELOW THE JUNCTION OF THE MISSOURI. 

Gtoology "f the river banks.— Geology of the channel. — Age of the blue clay. — Artesian well at New Orleans, — 
Growth upon the river banks. — Changes of the bed. — Oscillations of the fruil' ami their clli'cta upon the lakes and 
river. — Tidal oscillations of the river. — Hurricanes and their effects.— Raujro uf the Mississippi between low ami 
high water— Elovation above [he gulf of the surface of the river.— Usual succession of stages.— Dimensions of 
cross -section.— Yearly amount of rain in the basin.— Annual discharge of the Mississippi and of its principal 
tributaries. — How the former may readily be measured. — Katio between rain and drainage in the basin. — 
Sedimentary matter in Mississippi water. — Mutter rolling- along upon the bottom. — Temperature of the water. — 
History of the progress of levees in the Mississippi valley. — Levee organization ia the different slates. Dimen- 
sions and cost of existing levees.—The earlier floods.— Those of Iffifi, 1844, 1* 1<J, 1850, 1851, 185H, wild IS69. 

At the mouth of the Missouri the Mississippi river first assumes its characteristic 
appearance of a turbid and boiling torrent, immense in volume and 
remarks^ "^ mroe ' ^rom tnat P omt > its waters pursue their devious course for 
1300 miles, destroying banks and islands at one locality, reconstructing 
them at another, absorbing tributary after tributary, without visible increase of «ize, 
until at length it is in turn absorbed in the greater volume of the gulf. lint a true 
conception of a river whose enormous volume and apparently irresistible power impart 
to it something Of sublimity, cannot be formed from a written description of its mag- 
nitude and motion. Seemingly unrestrained, the Mississippi is really governed by laws, 
the development of which was the first object of these investigations. Tbe present 
chapter, illustrated by plate II, is designed to give an introductory synopsis of the 
physical characteristics of the river. 

TOrofJHAl'lIV. 

Ocola;/)/ of the river ha/nk&. — After passing the bottom lands neat the mouth of the 

Missouri, the right bank of the Mississippi is mainly composed of high 

betwMifthe limestone bluffs, which seldom recede more than a mile or two from the 

Missouri and rivet*, until Cane Girardeau is reached. Here there is a strip of h>w 

land, about 1 miles in length, which nerves as an inlet ti> the St. Francis 

bottom. Commerce bluffs next border the river for a i\'W miles. They are about 126 

feet in height, and are composed partly of loam and clay, and partly of a Hinty rock, too 

hard for profitable use in building. The clay is shipped in large quantities to various 

points on the Obit) river, to be used in the manufacture of pottery. From the lower end 

of the bluff to the mouth of the Ohio,_the right bank is subject to overflow, except at a. 

few points, where it consists of low. sandy ridges 

(94)' 
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The left bank of the Mississippi, from the mouth of the Missouri to tin? month of 
the Kuskuskia, consists of a strip of low land, called the American Left ^^ 
bottom, Which IB subject to overflow In the highest Hoods. Thence to between the 

( lomraeree, the hunk is formed of bluffs like those on the opposite side of £■■■<"?* aild 

, , . , tlie Ohio. 

the river. They frequently assume fantastic shapes, wuieu are pro- 
perly accounted great natural curiosities. From Commerce to Cairo, the left hank 
is liable to he overflowed in floods, 

From the mouth of the Ohio, the river tlows mainly through an alluvial region 

below the level of its floods It first strikes high land at Columhus. 

„ .. Columbus bluffs. 

The hind' is on the left hank, and is (by levels) 200 feet above the river 

tit high water. Above the town it is called the "Iron banks." from containing large 

quantities of iron ore. It is composed of successive strata of coarse silicious sand, 

colored red or yellow, of coarse brown clay, of very fine bluish clay, delicately tinted 

with lake ami yellow, of line sand, colored purple, red. and white, and of coarse gravel, 

limestone, and 8 kind of pudding-stone cemented by clay and iron. Clay concretions, 

beautifully tinted, are common in the sand strata. Below the town, the bluff is called 

the "Chalk bank." from its pure white color. 

The river next touches hitdi land at Hickman, on the left bank, 
where the bluff is similar to that at Columbus, but less interesting man 
in its structure. 

Between New Madrid and Point Pleasant the Mississippi cuts through Prolongation of 
a low ridge, which is from 1. to 1 ."» f@gt above overflow. This ridge 
extends southward from Commerce bluffs, and its soil is not Mississippi alluvion. 

The river next touches land above overflow at the lour Chickasaw hluffs on the 
left bank. The first Irs between Islands tJ3 and 34; the second, be- 
tween llatchee river and Island 3o; the third, opposite Island 36; and Ji h u e ff s. hickasaw 
the fourth, between Wolf river and the foot of Island 4(i. Fulton is 
built upon the first. Randolph upon the second, ami Memphis on the fourth of these 
noted hi u Ilk They average about loll feet above tbe level of the river at high water. 
The Memphis bluff is composed of yellow loam, underlain near the high water level by 
a stratum of silicious sand. Two kinds, one white and the other yellow, are very line 
and pure. They are. although rather too fine for that purpose, used for building. They 
rest upon blue clay. 

The river next approaches land secure from overflow on its right bank. The bluff 

is the southern extremity of Crowley's ridge, which apparently termi- , , 

* Crowley s riclire 

nates a \i'w hundred yards back of Helena. In reality, it reappears in 

YftZOO bottom, as bus been already seen. This bluff is the last point near the river, on 

the right bank, whieb is above overllow. 

Tbe bank near Cypress creek, opposite Island 77, is quite low and composed of 

n red, tenacious clay. It is underlain by sand, and consequently Caves „ ,. 

,. i • ] i .1 11 ». „ Peculiar soil 

|,, 1( l| Vi lis peculiar color IS doubtless caused by sediment lrom water, near Island 77 

which, escaping ill flooda from Arkansas river, enters the Mississippi by and 78. 

this creek. The Brat bend to the right, befow [gland 78. is called Yellow bend, from 

the peculiar C©for uf the Boil of the right hank. This soil is very tenacious clay, and 

does not cave. 
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At Vicksbu rg, about 300 miles below Helena, the Mississippi again approaches on 

,_, „ its left bank the bluffs, which it continues to wash at short intervals for 
Vieksbare bluffs ,,.., ., m , . . , . , ., .... . u . , . 

and those below -'"' miles, I he points at wine b it touches tins lormalion ;ue \ icksbuiy. 

them on the left flnind Cult, Rodney, a point just below the mouth of Cole creek (bluff 

half a mile back from river), about 8 miles above Natchez, Kllis cl ill's. 

Fort Adams, Bayou Sara. Port Hudson, ami Baton Rouge. From the lust-named point 
to the gulf, the banks are uniformly below the high-water level of the river. The 
geological formation of these bluffs is interesting. They are composed of loess, a post- 
pleioeene formation, similar to that of the Rhine, superposed upon eocene tertiary. 
That at V ieksburg, called the Walnut hills, is (by levels) 300 feet high, and underlain 
near low-water mark by a solid stratum of blue clay, containing carbonized wood. 
Above the latter is a stratum containing many marine shells and corals. Next are 
deposits of yellow loam and sand, containing vast numbers of fresb-waler shells. The 
sand is occasionally solidified into sandstone, sufficiently firm for pavements, building 
purposes, etc. The bluff at Grand Gulf is similar in height and character. There is 
the same stratum of blue clay, the while, silieious sand and sandstone, and the yellow 
loam at top. The Natchez bluff is about 150 feet in height. The lower part is com- 
posed of gravel and sand, containing many corals and other fossils. Next comes a 
Stratum of clay, rich in fossils of large extinct species of quadrupeds. The top is made 
up of yellow loam, sand, and clay, also fossiliferous. Curious clay and iron concretions, 
of a dirty rust color on the outside, hut hollow and delicately tinted pink and red 
on the inside, are common. Springs, and occasionally the .Mississippi itself, are gradually 
washing out the sandy strata in this bluff, and thus causing extensive land slips. The 
bluff at Port Hudson is about 100 feet high. It is mainly composed of the yellow loam 
and silieious sand, but is underlain near low- water mark by a stratum of vegetable 
mould, containing sticks, leaves, and the remains of a fossil forest, partly upright and 
partly horizontal. 

The banks of the river liable to overflow between Cape Girardeau and the gulf are 

ullu vinl, being com nosed of the sediment deposited by the river-water 

winch (lows over them in times of flood. It is hardly necessary to add 
that they are unsurpassed in fertility. The portion of Ibis new-made land nearest the 
river is the highest, since there the deposit is greatest in amount and coarsest in mate* 
rial. For an average distance of about a mile the slope from the river is greatest, It- 
then rapidly diminishes until the swamps, which are seldom more than 8, am] often not 
more than 2 nudes distant, are reached. The following table shows the average fall in 
the first mile. 
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Cairo nnd Fill ion railroad company. 

Military road— Memphis to Little Rock. 
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Gaines' Inniling and Pultun railroad company. 
Professor ('. o. Forehey, 
Providence ami Fulton railroad company. 

Delta .Survey I party of Mr. l'attison). 

Delta Purvey (party of Mr. F..i-d). 

Delta Survey (party of Mr. Ford J. 

Delta Survey (party of Mr. Ford). 

Swamp-bunl commissioner's office, La. 

Delta Surrey (party ot* Mr. Ford). 

Delta Survey (party of Mr. "forth. 

Helta Survey (party of Mr. Ford}, 

Delia Survey (party of Ml*. Ford). 

Delta Survey (party "i" Mr, Ford). 

Itr. William Sidney Smith. 

Delta. Survey (party of Mr. Ford), 

Delta Survey (party of Mr. Ford), 

Delta Survey (part; .>(' Mr. Ford). 

Delta. Survey I party of Mr. FoTtl). 

Delta Survey (party of Mr. Fori! J, 

Delta Survey (party of Mr. Ford). 

Delta Survey (party of Mr. Ford). 

Delta Survey (parly of Mr. Fori]). 

Delta Survey (parly of Mr. Ford). 

Delta Survey (parly of Mr. Ford), 

Del til Survey (party of Mr, Ford). 

Delia Survey (party of Mr. Ford), 

Delta Survey (party of Mr. Font). 

Delta Survey (party of Mr. Ford). 

Delia Survey (patty of Lieutenant TVnrron). 

Delta Survey (party of Lieutenant Warren). 

Survey? of canal company. 

Delta Survey i party of Mr, Ford) 

New Orleans ami Oprlousas railroad company. 

Mr. G. W. R. Bailej 

Delta Survey (party of Mr. G. C. Sniitli). 



The mean full is about 7 foot. The variations shown In the table are explained 
by the fact that caving is effecting constant changes, Where levees do Theirformati()]1 . 
nut exist, the slope of the hank should he greatest in a part of the river 
which has remained B long time unchanged Indeed, it would seem that natural levees 
might eventually confine the stream in such places to its channel. This has actually 
occurred on the Colorado of the West. The cmuliti.ms most favorable to such a result 
are- annual floods Of nearly etptal height; dense undergrowth on the banks; and sand 
drifting from the uncovered parte of the bed at low water. When, however, a bank of this 
character begins to cave, it loses its highest land, and if the change is rapid and continu- 
ou8 the slope may temporarily become very much reduced. With levees this reduction 
i „ ,„'i.„i.in(*itt The new land added in the mean time to the opposite bank will 

,ave a gentle slope, because it will be built up about to the uniform level ot the 
' ,'i i rt , ^1,1 jo this normal cause of change in slope, the local effects of eiit-ofls, 
bavous leading from the river— whose banks of course follow the same law as those of 
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the parent stream — etc., efie,, and the variations from the mean f*Jl in the first mile, 
that are shown in the table, are sufficiently explained, 

It is evident that this natural form of the banks necessitates the construction of the 
Important con- h'vecs as near I" Of river an would be xnfr. both to reduce their height 
sequence of their and consequently their cost to the minimum aim unit, and also to 
peculiar form. sr( . [|R> for Cl ,i t i va ' t j uu t j 10 highest and the best land of the valley. The 

flood depth near the edge of the natural banks, with the levees in their present con- 
dition, varies from 1 to 15 feet; the mean from Cape Girardeau to the gulf being prob- 
ably about 4 feet. 

Geology of Oic e/ifunieL — A knowledge of the character of the bed of the Mississippi 

river is of the highest practical importance, as will be hereafter seen, 
Bed of the mar. , (T , f ,. , .' . . .. 

and great efforts have, accordingly, been made to acquire it. 

The numerous soundings of the Survey, between the mouth of the Ohio and Fort St. 

Philip, were made with prepared leads, and the samples of the bottom 

Samples col- ,■ ., , ,- ■ i - mi i « -i 

lected. were careli illy preserved lor examiuahon and comparison. 1 he details 

of these operations arc explained in Chapter IV, and the results exhibited 

in Appendix 0. It is here proposed to discuss the results obtained. 

The samples showed — what, indeed, is evident to the eye at low water — that immense 

„ . . beds of pure siUcious sand, and fine gravel, entirely free from the uiudil v 

Sand-bars. .. . . , . * .... 

sedimentary matter with winch the water is charged, exist m the chan- 
nel-way. They are fuund below points, in island chutes, sometimes, though rarely, 
entirely across the bed, and, in general, wherever the water moves with a current too 
rapid to deposit its sediment, and yet not sufficiently strong to wasli away all the sand 
transported to that [dace. The material of which these bars are composed grows finer 
the nearer the gulf is approached, a fact which accords with the well-known law 
of rivers that the particles of gravel and sand in the bed arc not stationary, but 
gradually roll forward toward the mouth under the impulse communicated by the 
current. 

Opposite caving bends, in the eddies below islands, and at other points where for 

any cause the current becomes nearly dead, the sediment transported 

Battures. Tow- . ,i .■..,,.*. ,i , i i 

kg^g hy the river- water is deposited, iornung gently-sloping, sandy, mud- 

bunks, called willow hat hires (or, if on islands, tow-heads), from the 
growth of willows which soon makes its appearance upon them. This process of 
land-formation serves to fix a normal limit beyond which tlic river cannot increase 
its width by caving, but it cannot properly be said to affect the character of its true 
bottom. 

What then constitutes the real bed of the river, upon which rest the moving sand- 
bars and the new willow-bulturo formations! From the mouth of the 
Muecuj!™ ° f Ohio down, at Least as far as Fort St. Philip, it so.-ins to be composed of 
a single substance, a hard, blue or drab-colored clay. In the channel 
between the Ohio and Ked rivers, this clay is not usually lound niucb ubmc low-wah-r 
mark, but it sometimes appears at a higher level in the bottom lands remote from the 
river, as between McNutl and -lours' hayuu, in Va/.on bottom, and between Washita, 
river and Black bayou, opposite Natchez, where it occasionally crops out at. the surface 
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in an impure form, constituting the "buckshot land." The formation seems to be 

widely distributed throughout the delta proper, where it often appears at a higher 

level than in the channel, as the following facts establish. 

It is found at the head of bayou Plaquemine, 25 feet Ik-Iow high-water mark, 

or 5 feet above the mean level of the gull". The soundings indi- 

.... -X i -i.i ■ i n i • . ,i ,*- General distribn- 

catc that here it extends,, without interruption, down into the Mis- tion of this clay 

sissippi river to a depth of at least 153 feet below high-water mark, throughout the 

denoting a thickness of at least 128 feet. It must be remarked, how- e ta pro P er * 

ever, that soundings cannot be entirely relied upon in a matter of this kind. 

It is found in bayou La Fourehe. At the head its top is 25 feet below high 
water, or at about the mean level of the gulf. At Thihodeaux: its top is 20 feet. 
below high water, or about at the mean level of the gulf. In the canal between Lock- 
port and lake Field It is also found at about the same level. 

Major ISlanehard states that blue clay is found from 8 to If) feet below the level of 
the <mlf, on the prairies between the Mississippi and La Fourehe, on the line of the 
Opehmsas railroad surveyed by him. 

It waa repeatedly stated by gentlemen residing in the vicinity of Grand lake, that 
the bottom of that sheet of water is made up of a hard stratum of blue clay, where the 
current occasioned by the tides and by the discharge of the several bayous is sufficient 
to remove the soft mud. This lake is from 2 to 18 feet deep in low water, and the clay 
is therefore, probably a few feet below the gulf level. None of it is found in lake 

Palourde. 

Mr. Bavley states that a hard, blue clay is found from 1 to 3 feet below the surface, 
or at about the level of the gulf, in the Chacahoula swamp, west of the La Fourehe, on 
the line of the Opelousas railroad, and that it is found at about the same depth in all 
the cypress swamps west of the Mississippi in this section of country. East of the 
Mississippi, the depth at which it is found is much greater, and varies from 5 to 40 
[ (:1 .| below the surface of the ground. 

The days mentioned by Mr. Bayloy and Major Blanchard, and those at the bottom 
of Grand lake, probably belong to the same geological age as the lirst bed of clay pierced 
by the artesian well :il New (Menus, at the level of the gulf. 

The facts men United are very important, for they prove either that Infereneea 
the peculiar blur clay in the bed of the river is an alluvial deposit, or that ^""5 this 
the thickness of the alluvial stratum in the delta region has been gj^™*^ 
greatly overestimated, and ihat the river is flowing through it in a probable a?e , 
channel belonging to a geological epoch antecedent to the present. All 
facts bearing upon the agi of this blue clay are, therefore, highly important. The fol- 
lowing have been collected: — 

[ Tlie day is unite different in appearance, color, etc., from any deposit now made 
|, y the river. As long as it remains wet. it seems nearly insoluble, 
resisting for fears the strong current of the Mississippi. If it be ^JXritfUa 
thoroughly dried, however, and then again placed in water, it rapidly 
disintegrates ""do " powder. The clay itself has a somewliat gritty feel between the 
teeth and a peculiar taste. It effervesces less with adds than the present deposits of 
the river, judging by the samples of the latter collected by the Survey. 
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2. It underlies the whole Yazoo bottom, below the great sand stratum, 
Yazoo bottom. 6 ^ we ma ^ judge from the fact that, it constitutes the bottom of the bed 
of the Yazoo ami Sunflower rivers, as well as that of the Mississippi, 
and that all three are on the same level. 

3. In the bluff at Ficksburg, it underlies the stratum which contains marine shells, 

, ,. , and which Sir Charles Lyell and Dr. Harper both pronounce eocene 

It underlies tlic 

Vicksburg bluff, tertiary; that is, the oldest tertiary stratum. It would seem then to 

which is a ter- belong either to the eocene tertiary or to the cretaceous (upper second- 
ary) below it. It undoubtedly underlies others of the river blurts, but 
no examinations were made for it elsewhere at low water, when alone it would lu> 
visible. 

4. It underlies New Orleans in strata alternating with sand and marine shells for 

;it least ii:'i0 feet, as shown bv the artesian well which was begun in 
than 600 feet that city in February, 1S">4, and carried to that depth before it was 
below New abandoned. Dr. N. I). Benedict, recording secretary of the New Orleans 

Academy of Sciences, in behalf of a committee of that body, of which 
he was a member, devoted himself to the study of this well, securing samples of every 
stratum pierced, and otherwise thoroughly investigating the subject. These observa- 
tions have never been published in full, but Dr. Benedict very kindly exhibited bis 
samples, presented the Survey with the following authentic list of strata, and .supplied 
all needful inlbrmation respecting the history of the well. The geological ages of the 
strata pierced are not well established, but it is evident that none below the depth of 
41 feet from the surface (or about 37 feet below the level of the gulf) were deposited 
by the river. The same must he acknowledged in reference to the channel of the Mis- 
sissippi itself, for it is identical in character with a sample of the very last stratum, 
which was presented for comparison by Dr. Benedict. The artesian water, which rose 
from the sand stratum 335 i'eet below the surface, was strongly alkaline and chaly- 
beate, closely resembling the celebrated Bladou Springs of Alabama. 



T II K M I S S I S S 1 I' P I It I V T E R BELOW T HE MISSOURI. 



10] 



Section of artesian well at New Orleans, La. 
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5 Mr. A. M. !*», of Knoxville, Tennessee, an engineer of high 
scientific attainments, fonn-jrly of the army, states that this identical 
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6. Tn boring his artesian well on the Llano Estacado, near the intersection of the 

river Pecos ami the 32d parallel, Captain John Pope, Topographical 
underlies the ilmgineers, pierced a stratum some 1:011 feet in thickness, which lie 
Llano Esta- describes* as "red and blue marly clay, with intercalations of soft red 

and yellow quartzose sandstone." He considers this to belong to the 
upper secondary formation. The close analogy between the physical characteristics of 
Buch a formation and that underlying the Vieksburg bluff, together with the similarity 
in their supposed geological ages, suggests that they may be identical. If so, the great 
antiquity of the bottom of the Mississippi is established. The surface of the ground 
at Captain Pope's well is some 3000 feet above the gulf, and the stratum in question 
was encountered at a depth of about 400 feet. 

7. Lieutenant G. K. Warren, Topographical Engineers, states that this peculiar 

, ,, blue etav very closely vese mules a formation which covers a great area 

It probably .",»'« ;. , . ,, , , ,. . ,. , -,-,, , i <%\ n- 

covers much in the immediate valley ol the .Missouri, east of the lilack urns. 1 lis 

country in the geological assistant, Dr. Hay den, assigns a place to tins formation near 

y ' the inii Idle of tlie cretaceous, and describes! it as follows: "Bluish and 

dark-gray plastic days, containing Nautilus DeKuifi, Ammonites placenta^ BacuMen 

omlm, and li. cowprex/fus, with numerous other marine mollusca — remains of Mttna- 

sauras. Thickness 15 "»0 feet." Its upper surface is about 2000 feet above the sea. 

Although no one of these facts may lie considered in itself conclusive, it must be 

allowed that, together, they afford good "rounds for doubting the recent 
Necessary .... 

inference from alluvial character of the f*ed of the Mississippi, even as far down ;is the 

these facts is l lt . a d of the passes. Whether this clay stratum which composes it. and 
that the bed of ... . . , t . " .. . ,, t V. „ 

the Mississippi winch seems to have so wide a distribution throughout the valley, 

is not formed of belongs properly to the eocene or to the cretaceous formation — although 
frosTit* wateri M n,ll, " :i ' r "'* um ^h scientific interest — is of little practical importance to 

the discussions of this report. Whether it belongs to either one of those 
geological epochs or to the present, on the contrary, has a most important practical hear- 
ing, as will hereafter be seen. It is believed that the facta stated establish that its 
formation is long antecedent to the present epoch. 

The correctness of this opinion is confirmed — it may almost be said demonstrated — 

by the form of the cross-section of the river. If the l>ottom were formed 
of^he^orrect- °^ alluvion, if would he comparatively smooth, like a sand-bar or wit- 
ness of this luw batture. In reality, it is very rough, being in many places lull of 
°P imon ' blue-clay ridges and lumps, seme of them many feet in height, :is in 
the Bonnet (Jarre and Natchez sections (plate X and Appendix 0), Lesi if be sup- 
posed that these irregularities are due to old logs or to errors hi Bounding, it is well to 
state that in ihree instances — once at Bonnet Carre, once at Nutelie/, and once at Ran- 
dolph — the lead was lost while being drawn up after the sounding, by the chain striking 
one of these clay lumps as the boat drifted down stream. Large ipiantities of the cliiy 
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were found adhering to the broken end of the chain at a distance, in one case, of more 
than 3d feet above the lead. Further evidence is offered in Appendix C. where it will 
he seen that the maximum depth in the straight portion of the river in front of Car- 
rol [ton varies fully 40 feet, even in a distance of a low thousand feet. Further the 
I, oils ami whirls, which cover the surface of the Mississippi, demonstrate the great 
irregularities of its Ijed, and hence its ancient origin. 

(h-airlh ttfX'ii fh>- river banks, — The staple productions of the regions immediately 
bordering the Mississippi river vary as the gulf is approached. From 
the mouth of the Missouri to the moutli of Hatchee river, near hit. ticTifs llthe^' 
35° 30, corn is the chief product. Thence to the mouth of Red river, alluvial region, 
in lat. ;!1". cotton is the important staple. Thence to Point La ITache, near lat 29° 30' 
sugar is mainly cultivated. Below Point La Hache there are many luxuriant orange 
groves upon t!ie narrow belts of land Ix'tween the river and the salt-marshes of the 
gulf. 

Upon the forest growth, difference of latitude has less effect. 
Prom Cairo to Memphis it consists of cotton wood, willow, sycamore, Forest S rowth - 
white and swamp ash, haekberry, box-elder, cypress, red and slippery elm, black, sweet, 
ami tupelo gum, white, red, black, Spanish, willow, over-cup, and swamp oak, with many 
other varieties, two varieties of maple, two varieties of mulberry, black, white, and 
honey locust, sassafras, black walnut, cane, many varieties of hickory, pecan, chin- 
capin, papaw, persimmon, elder, dogwood, thorn, haw, privet, or elbow-tree, and many 
vines, creepers, etc. 

From Memphis to Natchez the timber is the same, but the sycamore becomes 
more Scarce, and the cypress, ash. and gum are more abundant. The Spanish moss, a 
characteristic feature of Louisiana forests, first makes its appearance near Island 82; 
where the palmetto also first begins to be seen in the swamps. 

Below Natchez, in addition to the above forest-trees, are found the magnolia, or 
bay-tree, and (lie sweet b;t\ is mall). 

From Baton Rouge to tin- Balize, and near the floating prairies or sea-marshes, the 
live-oak is occasionally seen. 

Tin- cottonwood and willow are almost universally found on the immediate bank of 
tlir river, on the islands, and on all new batture formations. On the hitter they 
always constitute the first growth. 

( %t»</t,s h i*t(>ri< <<l and In i >m<jr< w hi 1 S 58 . — T he M i ssissi p [ >i ri ver Unstable char . 
is constantly excavating its banks in bends, and forming new land on acter of the 
points, throughout the alluvial region. This action is progressing ^|^j g °p^ e 
much mure rapidly in the upper part of the river than in the lower, 
where it seems to have comparatively ceased. 

It may reasonably be asked, how It is that the river can act so efficiently Upon its 
banks when the soil is so tenacious as to be but slightly affected by 
crevasses, through whtch the water I lows with equal or greater velo- 
city ? Tin* answer is obvious, The river banks are underlain by strata of nearly pure 
gaud throughout the whole region under consideration. A slight change of direction of 
the current in high water — produced by a new sand-bar, a new island, a new cut-off, 
or by any other cause — turns its force more directly against a certain portion of the 
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bank. The wind is washed out from under the tenacious soil. At first, the water sup- 
ports the hind, but. when the rive* subsides, the bank falls by its own weight, and 
being dissolved, is swept away by the current. These sand strata are often below low- 
water mark — an unfortunate circumstance, winch renders the protection of the bunks 
difficult if not impossible. 

It occasionally happens that by this constant caving two bends approach each 

other, until the river cubs the narrow neck of hind lietweeu them and 
"cut-offs." forms a ''eut-oflj" -which suddenly and materially reduces its length. 

The increased slope of the water surface at once makes this new l»ed 
the main channel of the river. The upper and lower mouths of the "old river'* are 
gradually silted up with sediment, drift -wuuil, etc., until, eventually, one of the crescent- 
shaped lakes so common in the alluvial region is formed. 

The dates of formation of many of these lakes are long antecedent 
hu!torv eCeilt to the discovery of the country, as is proved by numerous crescent 

lakes upon both banks of the Mississippi, mentioned as such by the 
earliest explorers of the Mississippi river. 

These changes have been constantly going on since the settlement of the country, 
hut the old maps and records are so defective that it is impossible to determine much 
about those which occurred prior to 1801). Since that date the following list is believed 
to he nearly, if not quite, complete. It will lie seen that the total shortening of the 
river by these cut- oils is 80 miles. Many persons consider that this shortening is only 
apparent, being counter balanced by increased caving and lengthening of the remaining 
bends. 
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The iflicl of cut-offs upon the high-water level above and below them will lie dis- 
cussed in a succeeding chanter. They are believed to be likely to 

imminent* 0CCl11 ' ,lt,Ior0 31lllli y ye** 8 ilt tlltJ &eck above Napoleon, which was only 

1400 feet across in I8-J8, and caving above; at the neck (Terrapin) 
between Islands 1)8 and 101. then reported to he 1*200 feet across, and caving badly 
above; at the neck between Islands L05 and 111) (Palmyra), said to have l>een 10,000 
feet across in 1808, and to be only 2700 feet now, and caving above; and at the ncek 
between Islands 11:1 and 1.14, caving badly above, and reported in 1858 to be only 
2400 ieet across. There are other narrow necks — as those near Vicksburg and Grand 
Gulf, lor instance — but there seems to be nu reason to anticipate the early occurrence 
of cut-offs at them. It is very dillicult, however, to predict with certainty where 
cut-oils are to be expected, as caving which has been rapidly going on for years will 
sometimes suddenly stop from some change ia the direction of the current. Careful 
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surveys of several of these doubtful places would bo of groat value hereafter as a means 
of testing changes. 

Upon the island* the action of the Mississippi is not less striking than upon the 
banks. They are constantly forming, disappearing, or becoming con- 
nected with the main laud by the tilling up of their chutes * The pro- Sf Jf thT* 
cess of formation and destruction is interesting. Drift-wood becomes islands of the 
lodged upon a sand-bar. Deposition of sediment follow?. A willow Mlssl3S1 PP 1 ' 
growth succeeds. In high water more deposition is caused by the resistance thus pre- 
sented to the current. In low water, the .sand blown by the wind lodges among the 
bushes. Au island thus rises gradually to the level of high water, and sometimes even 
above it, sustaining a dense growth uf cotton woods, willows, etc. By a similar process 
the island becomes connected with the main land; or, by a slight change of direction 
of the current, the underlying sand-bar is washed away, the new-made land caves into 
the river, and the island disappears. 

Among islands which have disappeared during the present century, may be named 
one in Plumb- point bend, just above Osceola, where now a large sand- 
bar exists, and one just below the mouth of bayou Plaquemiue, which 
has entirely disappeared. 

The following effects of the flood of 1868 are reported by Dr. William S. Smith, 

as observed by him during his low-water survey of the sites of the *... , -, 

/ , , * _ ._ Littoral effects 

crevasses, and continued by reliable statements oi residents. From of the flood 

Cairo to Memphis there was a sandy deposit upon the overflowed of 1858, 

batiks, varying from 6 inches to over 3 feet in depth. Below Mem plus this deposit 

was much less in amount, Throughout the whole river channel, from Cairo to Bed-river 

landing, there w&* a marked increase in the size of the sand-bars and in the caving of 

the banks. Below t la- recent American-bend cut-off, which occurred on April 1-3, 1868, 

a very decided change in the location, both of the sand-bars and of the caving, was 

produced by the change of direction of the current. The following island chutes were 

rapidly filling up by deposit: right side Island G; right side Island 7; left side 

Island lo; left side Island S3 (once main channel); left side Island 4(1; left side 

Island HI); right side Island 1)2; right side Island 61; left side Island 8o; left side 

Island 117. 

SLOPE, 

The slope of the Mississippi diminishes as it appronehes the golf. The oscillations 

caused by variation in discharge also gradually diminish from the 

\ ieinity of Natchez to the mouth U the river, while those correspond- J^jJjJJjJJ 

ing to changes of level in the gulf become gradually more apparent and important an in- 

iiunorfatit. The mean level of the gulf is the proper datum-plane to flaence upon the 
* ji .< i * -ti i i river slope 10 oe 

which to refer the surface oi the river. tor these reasons, and ne gi ee t e d. 

to solve other questions within the scope of the Helta Survey, the 
subject of the hike and gulf oscillations, with the effects of the latter upon the Missis- 
si) ipi river, was investigated. 

- i */,„/.., _A name applied U> tluit arm id tin- mcr opposite tin i.-d.md, Imvmjf ll"-' lessor width. 

U 
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Observations to 
determine the 
extent of gulf 
and lake oscil- 
lation. 



Oscillation* of the gulf and th if e/jicts icpcmt the lakes ami river, — For the purposes 
stated, gauge-rods were observed at the mouth of the new canal, in hike 
Puntehartrain; at Proctorsville, on Luke Borgne; and at bayou St. Philip, 
a small inlet from the gulf near the fort of that name. Daily observa- 
tions were continued at the.se three localities for ten, seven, and twelve 
months, respectively, in 1851-52, as may he seen by referring to 
Appendix B, where the data thus collected appear in detail. 

A self-registering tide-gauge was established at the telegraph station near the mouth 
of the Southwest pass, and observations were made with it Gram May. 1859, to .June, 
1860. The detailed observations, together with those of a similar character upon the 
Mississippi river at Carroll ton. will be found in Appendix B. The following table 
exhibits the results of all these observations: — 



OwiduiinitK of the lakes and </»(/*. 



Lix-ullf). 



Sew cannl; lukc Pmitclinrti'niu 
I'roctorsville, oti Iivke iiorgne,. 



Btijou St. rhilip. 

Mouth Southwosi pass,, 



Mean i\nily pnlgfrtl 



At tiltili At l..w 
ivau.r. waiter. 



Fat. 

8.34 

4.311 
?,.m 
1J0 



Fftt. , FM. 

~sa i H.i-j 



3,1 (J 

2.4i > 
0.70 



8.70 

8.00 
1.80 



mm- 



UN lJI:»- 
liim. 



Fttt. 
Ml 

1.20 



tHDd. 






Sot. 38, 'SI I'M 
Nov. is, '61 5.6 



1.20 Sot, 13, 51 S.S 



1.2U Sot, n, '■>'.' 



is 



(.,.,, r -| J ..<,., | >!llt|.t. 



j Ottnm- 
rt'iiillnf* 



Feb. 6, '.-.1 

rMj«i, B , 

| JftD 

- Jm.ii 

I J II 

1*0 



fJalySl ( , 
\ Aug. 17/ 

n. 5 1 

n. 'J ' '52 

n 10 J 



1". 5fl. 



0.S 
2.0 



-0.5 



I'Vlri-lm- i.ii,::.'. 



Uliwrv'il for IMml 
«wUl»Utm. 



Frtt. 

4.6 



II 



3.4 



Fwt, 

3.2 

3.0 



a.e 

1.2 



The tides at the mouths of the Mississippi are of the diurnal, or single- 

Shh and their da y tyP^ tuei '° ljl?ili £ generally but one high water and one low water 
effect upon the in twenty-lour hours: the rise and fall being greatest when the moons 
riveri declination is greatest. The character of the tides was made known by 

the observations of the Coast Survey. 

To determine the tidal oscillations in the river, observations were made in 1851 at 
various points from Kurt St. IMiilip to Ited river, not only at high and low water, but in 
all the conditions of the river. It was intended to make observations with a sell- 
registering tide-gauge at Carroll ton in L859 and 1860, simultaneously with those at the 
Southwest pass, hut, owing to unavoidable delays, the instrument was not in operation 
until late in November. I -•■<■>. Il wu< destroyed \>\ astm-m in (lie .f nlj following, up 
to which time it was used. The following table gives the results of these several ob- 
servation©. The tides are probably felt even at Bed-river lauding in low water, but the 
observations there were not sufficiently minute to detect them; — 
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Tidal oscillations qf the Mississippi. 



I.-Mliiy. 



' !li-t.i]><-« 
IVulii t'ulf. 



MiUt. 

fiuif ; " 

F«rl Bt. Philip — rtl > 

OfirrolHtra [20 

ttennWeanwlle _ 1; '- 

Itniuu [tuiijjo : 2J-1 

lied-rivei- binding , al -5 



Bigh ttxgant rim. 




1 IV -l,i_- 


j uf rl\<?r. 




Kl'.-v.'iii.ni 


Sjirfug 


V-i|. 


M.-, m 


Bid ■ L i . . r , 


Bjirtng 


Ntna 


Me hi 


ill in li' LIU If. 


ua«. 


M.I.-. 


II 16. 


iU».\ e gutf. 


lids. 


ti.lc. 


tide. 


Feet. 


/■•■•'. 


/Vef, 


Fttt, 


Ptet. 


/;./. 


Fwt. 





1.7 


0,50 


1,3 


li 


1.7 


0.fi0 


1,-J 


u 


0.3 


B.15 


M. .1 


0.7 


1.4 


II. 41) 


1.0 


IS 


i>,:; 


0.10 


0,3 


II.H 


1.1 


Q.ftG 


0.8 


211 


None 


detect i>'I. 


t.5 


tl.O 


D.^ll 


ae 


34 


Noitt- doleot.jed. 


S.0 


0.4 


n. ir ( 


0,2 


4'.) 


N'Hit; UcteCliGd. 


B n 


Xiiiic 


detoel 


ed. 



The difference in time between the tides at the mouth of the Southwest pass and 
those at Carrollfcon is the same in the high and low stages of the river, and is five hours 
and fifty minutes; the distance between the two points being 118 miles* 

The changes in the level of the gulf caused by winds are much greater than those 

produced by the tides, as is shown by the table preceding the last. The 

duration of these oscillations varies from a dav or less to several days, Oscillations due 

j . ., i to prevailing 

and in some years is oi such extent as to affect mater tally the menu w inds, 

level of the gulf during a whole month, and even during a season. 

This subject is somewhat elaborately treated in Chapter VIII. It is there shown that 

the winds at the mouths of the Mississippi have in part the characteristics of the 

northeast trade-winds. Blowing chiefly between northeast and southeast, they veer 

toward the south as the summer approaches, and continue to blow from that quarter 

i.iml from the east during the summer and early part of the autumn. Changing toward 

the north upon the approach of winter, they blow principally from that direction during 

the winter months. It is not intended here to decide upon the character of these winds, 

and to class them definitely among the trades, til though the topographical features and 

physical conditions of the basin of the Mississippi, and its position relative to the great 

bodies of water lying south, must modify the character of the great normal winds 

described by Professor Henry in his papers upon meteorology, and perhaps produce 

along this portion of the gulf of Mexico a resemblance to the trade-winds. 

The effect of such winds upon the level of the gulf was very marked in the winter 
Of 1851-52. During January, 1852, the mean level of the gulf was 1.5 feet lower than 
during the month of September. 1851, and a foot lower than the mean monthly level of 
several other months of the year. The mean level during December and January was 
O.fi of a foot lower than the mean yearly level of the gulf. In the summer months, 
the gulf remained at the mean yearly level. In the winter of 1859-60, the effect of 
these winds upon the level uf the gulf was slight. 

Tlie mean level of the river when low conforms to these gulf oscillations, if they 
are of several days' duration. Thus the gauges indicate that an oscilla- 
tion of this kind, of the magnitude of 2 feet, which occurred between ^Yhfrfver. 
the 10th and ISth of November, 1851 (when the river was very low), 



of 



* The difference in tinii> between tiie tides at (Jape May, Delaware bay, anil thuse at I'liiUuWli>uiu. i» five hours and 
throe minutes; tin.- distant:.- between tin twn places being about LOO wiles. 
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was felt as far up as New Carthage, 4G0 miles from the gulf At the mouth of Red 
river the oscillation was 1.5 feet. 

To what extent the river at the top of the flood conforms to these gulf oscillations, 
the observations do not show. When their duration exceeds that of a tidal oscilhition, 
the effect upon the river must likewise exceed the effect of a tide of equal rise or Call. 
The following facts have been collected respecting the eflects of some of the extraor- 
dinary rises in the gulf. 

The information collected by Mr. John Communy. or observations made by him, 
previous to 1851, show that strong easterly or southeasterly winds raised the surface of 
lake Pontehurtnun, at the mouth of the new canal, above its mean level 3.3 feet. 
Hurricanes had raised It 4.3 feet. 

Major M. M. Clark, Quartermaster U. S. Army, states that in August, 1831, a hurri- 
cane raised the gulf 2 feet above the top of the levee at Fort Jackson, where he was 
stationed. According to this statement the gulf must have heen raised at least 7 feet 
above its mean yearly level. 

In the gale of August 11, 1SGG, when the gulf rose 4.25 feet at the mouths of the 
river, and lake Borgne rose 8.5 feet (or, according to the report of the Chief Engineer 
of the State of Louisiana, 11 feet), the river at Carroll ton — which was 1.5 feet above 
extreme low water — rose 4.G feet in two hours. At Donaldsonville it rose 2 feet. What 
the effect was farther up lias not been ascertained. At Natchez there was no effect. 
The duration of the rise and fall of the gulf was less than that of a tidal oscillation 
and the effect upon the river was proportionately less. 

In the gale of September 15, I860, the gulf rose 7 feet at the mouth of pass a- 
IX) litre, and 3 feet at the mouth of the Southwest pass. The river at Carroll ton rose 
2.5 feet. At Donaldsonville it rose much less that] on August 11. Above Donald- 
sonville its effects have not been traced. The duration of this rise and fall did not 
exceed that of a gulf tide. 

In the gale of October 2, 1860, the gulf at the mouths of the pusses rose 3 feet; 
lake Ponte hart rain rose 5 feet; the river at Carroll urn rose 3 feet, and at Donaldsonville 
4.5 feet. Above Donaldsonville the effects of the storm have not been traced. At 
Natchez its effect upon the river was not perceived. The duration of the storm was 
greater than that of the others. The effect at Donaldsonville was in part local. 

The disastrous effects of these extraordinary rises in the gulf would be still further 
aggravated in the present condition of the levees, if these oscillations were not produced 
by causes connected with those which occasion the low stages of the river. Crevasses 
along the river are not, therefore, occasioned by hurricanes. But a long continuance of 
southerly gales does sometimes occur at the period of highest water in the river, as 
in 1S23, and may increase the height of the flood several inches at New Orleans. 

The subject of u'ulf oscillations and their effect upon the river 
Oscillations in . . , ... „ ,. . .i,,. .,,,,.,,,,0 

the river due having been examined, the range ol the river, that is, tilt auumiu, 

to variations of the oscillation between low and high water, will he next investi- 
in discharge. ^^ 

Range 0/ the Mississippi between low and hi<//t »-nti r. — It is verv difficult to obtain exact 

„ , , verbal information upon this subject, because, when the river has once 

retired within its hanks, it becomes harmless, and few persons care to 

record its changes until it again excites alarm by a new rise 1 . Moreover, it seldom 



THE MISSISSIPPI RIVER BELOW THE MISSOURI. 



If)!.) 



remains stationary for more than a day or two at a time, even at low water, and a 
series of measurements is therefore necessary to determine which, among many oscilla- 
tions, includes the lowest point attained in any given year. Add to this the practical 
difficulty of ascertaining, fey any instrument at the command of the mi professional 
observer, an absolute difference of level which often amounts to over 40 feet, and no 
surprise will he felt that few data other than the measurements of this Survey can be 
presented in reference to the range of the river. Some in formation upon this subject 
of a definite character, however, has been acquired from residents of certain localities. 
Together with that deduced from the daily gauge-records soon to be discussed, it is 
I presented in the following table, which thus contains all known facts upon the subject. 
Fur convenience of reference, the low-water level is uniformly referred to the high 
water of 1858. To compare it with any other high water, the difference between the 
level of the hHi water of 18 08 and that of the required year at the given locality, 
taken from the tabic under the head of "Great Floods," is to be applied with its proper 
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Above the mouth of Red river, this table exhibits the true range of the Mississippi, 
i.e. the extent of the oscillation due to the difference between the low-water and high- 
water discharges. Below Ked river it does not, because this part of the river in low 
stages is within the influence of the gui£ not only for tidal oscillations, but also for those 
caused by wind. The flood of 1851 must therefore be adopted in fixing the normal range 
nf the river below lled-rivcr binding, since in no other year were these gulf oscillations 
measured. Bifid river proper reached its lowest recorded point in this year, and the 
range of the Mississippi below Us mouth was probably as great as is ever known. The 
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numerical value of this range of the several localities, together with the data from which 
it is derived, is given in the following table: — 
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Above Red-river lauding, 1S-51 was not a low-water year; neither was 1858, in 
which more measurements were made than in any other. In the year 1855, however, 
the lowest level on record seems to have occurred. By the table it appears that in this 
year the river fell below the low-water level of 18oS, at Columbus, Vicksburg, and 
Natchez, 8.8, 8.C, and 9.4 feet, respectively. The accordance between these numbers 
establishes that the extreme range at all points between the mouths of the Ohio and 
lied rivers may be found by adding about 9 feet to that noted in 1858. At St. Louis, 
in default of an exact measurement, the low water of iSt'm is adopted as a, correspond- 
ing level. 

The numerical values of all these adopted ranges will be found in the next table, 
where the corresponding high-water and low-water elevations above the gulf — next to 
be noticed — will also appear. 

Elevation above Ihr gulf of the surface of the Mississippi. — The mean level of the gull, 
the datum-plane to which the absolute level of the surface of the Mis- 
kvef ofth/gulf. Bissippi throughout the alluvial region is to be referred, was determined, 
as before stated, by observations upon gauge-rods in lake Pontchartrain, 
lake Borgne, and bayou St. Philip. It was assumed that the mean level of those 
lakes is the mean level of the gulf, an assumption which was confirmed by the 
results of the observations; ami hence the mean of the readings of any one of these 
gauges may lie adopted as the datum-plane. That of the lake Pontchartrain gauge 
was selected ami transferred to the river levels by the following process. 

The result of a careful levelling between Carrollton and lake Pontchartrain shows 
that a certain bench-mark on the machine shop of (he New Orleans and 
Carrollton railroad company, called Hampson's bench-mark, is 7.i>"2 feet 
above the mean gauge-reading (8.14) in lake Pontchartrain. The result 
of a previous careful levelling by engineers employed upon the railroads 
in the vicinity of New Orleans, furnished the Survey by Colonel W. S. 
Campbell, gave 8,20 as the corresponding difference of level. Adopting the mean oJ the 
two, or 8.UH, and deducting from it the carefully measured difference in level (T.U'J 
feet) between Ilampsoifs bench-mark and the zero of the Carrollton gauge, we find that 
the mean level of the gulf reads 0,14 on that gauge. 



It is transferred 
to the river and 
readsQ.14onthe 
Carrollton 
gauge. 
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The surface of the Mississippi between Reel river and New Orleans was referred to 

this datum-plane by connecting the following levelling operations of this Stu , face of the 

Survey with the river gauge at Carrollton. Mississippi 

A line was run with the greatest care from Routh's point, above between Eed 
it i ii j. i i r i ■ it i i ' a j.i river and New 

Red-river landing, along trie west bank lit the river to the locks ol the Orleans referred 

Barataria canal, below Carrollton. This line was connected with the to this datum- 
mouth of Hed river and the mouth of the Atehafalaya. It was * 
extended down the Plaquemme to Indian village, where tidal observations were made 

at low water. 

A line was also run along the east bank of the river from Baton Rouge to Carroll- 
ton These two lines were connected with each other by transfer across the river at 
di He re tit points, and also with the river gauges. Both lines, below Baton Rouge, were 
revised in the Bold at the close of the season. 

Below Carrollton, only two determinations were made of the absolute elevation of 
the river surface above the mean level of the gulf. The first was made 
at Fort St. Philip, where, for purposes connected with the construction Orleans W 

of that work, the gauge in the river was connected with that in bayou 
St. Philip by a careful levelling. The second was made at the head of the passes by 
measurements at low water upon a high-water mark of 1851, and by transferring the 
•uilf level from the bayou St. Philip gauge. This transfer was made at the lowest stage 
of the river, bv assuming the measured slope between Carrollton and Fort St Philip to 
extend 20 miles farther to the head of the passes. The almost inappreciable slope of 
the river (0.2S of a foot fall in 84 miles) rentiers this a strictly accurate method. 

The gauge in lake Borgne was connected by a careful levelling with a high-water 
mark of 1S-j1 on tin.' Mississippi river, near bayou Dupfes; but this mark proved not 
U> have been determined with sufficient accuracy for use in so delicate an operation, 
Since it g»V« an excess iii elevation to the high-water level of IMi of a foot. It was 

accordingly rejected. 

The hiirh-waier elevation in 1858, at Natchez, was determined by a party of this 
Survey, in charge of Dr. William Sidney Smith, in the following man- Elevation of 
ner: A line of levels was run from the high-water mark of IS-jS, oppo- water surface 
site Na tclic/,, to a water-mark at the lower end of lake Concordia 
(3 miles distant), made just before the breaking of the Ilaggaman crevasse. Bayou 
Tensas, and Black river, excepting near its mouth, were securely leveed on tbe^east 
bank previous to this Bood, SO that before the Ilaggaman crevasse occurred (.Tune 17th). 
the only supply of water to lake Concordia was by backwater from Bed river through 
Cocodrie bayou. The measured diligence of level between the two water-marks above 
mentioned (U-3 feet} was, then, the fall at high water from the surface of the Missis- 
sippi at Natchez, to the mouth of Cooodrifi bayou, 12 miles above the mouth of Red 
river. Allowing 2 feet for the fall between this point and Red-river landing (see 
approximate fall deduced from levelling between Natchez and Harrisonburg), we have 
16 :» feet for the fall of the Mississippi between Natchez and Red-river landing at high 
water of IS-jS. This determination is, of course, only approximate, but it accords so 
well with the measured slopes above and below Natchez, that it cannot be sensibly 
erroneous. 
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Railroad stir- For the data by which the elevation of the Mississippi at points 

veys depended n |„ )V0 .Natchez was determined, the Survey is indebted to the work of 

upon for eleva- .... ' ,. * . 

tion of water civil engineers engaged upon the railroads con nee tod with the river. 

surface at points f pj Jt , t \ a ( it ,, m ] t| J( . points determined are ;is follows: — 

above Natchez. _., . . , , . .. _ . .... ... it 

the nigh-water elevation at dames landing with respect to tliat 

at Si, Louis, was dediteed from the levels of the St, Louis and Fulton and (he Gaines' 

landing and Fulton railroads, the former obtained from the Bureau of 

Gaines landing-. m , . . „ . ,,, -, , , <• > T 

Topographical Engineers, \Yar Department, and the latter from Mr, 

William II. Davidson, Principal Assistant Engineer of the road. They show that the 

high water of Itcd river, at the point of junction of the two roads near Fulton, is 170.1 

feet below high water of 1844 at St. Louis, and Q3,5 leet a hove high water of 1808 

at Gaines' landing, making a difference of level hetween the high water of 1844 at 

St. Louis and that of 1858 at Gaines landing of U(i:J.(i feet. 

The high-water elevation at Memphis was determined by the levels of the Memphis 

and Charleston and the Mobile and Ohio railroads. It was furnished 

emp is. j^ ^ ^ g Arms, Engineer and General Superintendent of (he first- 

named road, who states that the high-water level m 1S44 at Memphis was 220.44 feet 

above tide- water in Mobile bay. 

The high-water elevations at Columbus and Cairo were determined hy the levels of 

the Mobile and Ohio railroad. They were furnished hy Mr. L. J. 
Columbus and T ,, . ,,, . ,. ,„ . ,, it , ' , ,, , . ■ 

Caiiu Fleming, Uniei iingraeer ol the rood, who states that the high-water 

level of 1849 at Columbus was 308.25 feet above tide-water at Mobile, 
and that the high-water level at Cairo (probably that of 1849) was 320 feet above the 
same plane of reference. 

The high-water elevation at St, Louis with respect to that at Cairo was determined 

hy the levels of the Illinois Central and the Ohio and Mississippi rail- 

fit TftlllB ■*■ *■ 

roads, furnished hy Captain George 13. MeClelhm, V ice-President of (be 

first-named road. Hy this determination the high-water level of 1844 at St. Louis is 

00.5 feet above high water (year not specified) at Cairo. The "St Louis Directrix" 

(top of curbstone at corner of Market street and the levee), the general bench-mark of 

the city, is then, according to these levels and those uf the Mobile and Ohio railroad, 

405 feet above the gulf. This exactly accords with the result deduced by Dr. Engel- 

mann from a long series of barometrical observations. 

Some of these determinations ililler slightly from those heretofore 

Table of results announced upon the authority of other and less direct measurements, 
exhibiting cor- , , ,, " , . . , , .., 

rected heights '"d ^ [< '>' check each other, and are unquestionably very nearly, d not 

of water surface, absolutely, correct. From thetn the following table has been eon- 

Sffinippi! slnicteil, the main features of which are represented by figure 1, plate 

IX. The mean bottom of the river in its deepest part is added to this 

diagram according to the data contained in the table on page 121. 
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Slope of the Misdwippi river, 
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Hend of passes 

fort Si. Pliitvp 
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I 

.15'',-., . 1'cur, 



I'll 
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Salon Rouge 228 

Wetl-river lauding 309 

NmcUw ;!,;I 

Viek^niTg *™ 

iJiiiut's' landing 830 

Xilpok'otl - j*7* 

Memphis *'_';' 

Colli minis ■•■■ t""'* 

c « 

Si. Louis •■- i-'" 1 



1 851 
1861 

lasi 

1851 

J 851 
1861 
18.58 
1 858 
[858 
1858 
1858 
1858 
I 858 
1858 



Low 

Winer of 



I'tilr. 

1861 

1851 
1851 
1851 
18S1 

1851 
1855 
1855 

is;,;, 

1856 

1855 

1855 

1KIM) 



Am'nt. 



Fat. 

3,8 

46 
14.4 
24.8 
81.1 
14.8 
51.11 
49,0 

511.0 
40,0 

ir.d 

51.CI 
87.0 



i n poi iitij 

I'lJ'Vrlllull 

nlnhVi^gtdf. 



High 
vMtr. 



Feel. 

2.8 

5.1 
]5.:i 
25.8 
lili.'.i 
I'.t 5 
68,0 

1 13.0 

22l.li 

aio.n 



wjUer. 



0,5 

0,9 
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1. 5 

2.8 

5.2 

11.0 
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lIcMiiltliiK dill pr>r mill, in wiiIft Miftoa, 



fiulf !>y 



f S. W. pass 

I N. E. puss..,.. 

] ■ past u l'Outre. 

I South pass..,. 

parses 

Philip 



HS? 



Heml ni 
Port St. 
Cartolltoa 

UoHiOilsnimno,.,,. 

ISnloii Rouge , 

lU J ri-ri?cr lituiliu^ 



X lit llil 67,. 



flu inns' ]nu'5ing... 

Memphis 

Cotaiubo-s .,*,, 

tiiih'o 



Mitt:*, 

IT 
1(1 
15 
11 
2M 
84 
72 
52 
71 
02 






Feel. 
0.106 
it I7"> 
0. 1 87 
:p.2i « i 
0.116 
0.121 
0.14A 
0.150 
0.220 
0.256 



209 0.80Q 



L'L'-i 
20| 

21 
178 



11,320 

ii. I:;,; 

0.571 
0,497 



wiiter. 



tWl. 

0.029 

O.I til I 

0.088 
0.086 
li.llt)"i 

004 

(I Mil", 

1 (.025 
0.084 
0.158 



0.4112 
0,881 
0,578 



Having thus determined the absolute elevation and the range of the 
river from St. Louis to the gulf, with the effects produced upon both by 
the oscillation <jf the gulf, the discussion of tin.' slope of the Mississippi 
will be completed by considering the usual succession of stages of the 



The usual 
succession of 
stages now to 
be considered. 



river. 



Mean attnudl succession of stages, — The lower Mississippi, as already seen, receives 
its water from many tributaries, whose basins differ from each other in position relatively 
to the <n-eat physical features of the continent, in geological character, in topographical 
features, in climate, soil, degree of cultivation, etc. The down full of ruin in these 
basins varying greatly, from year to year, both in time and in amount, produces corre- 
sponding variations in the Hoods of the rivers in respect both to date and to height. 
The lower Mississippi has not therefore ft regular, uniform succession of stages. Never- 
theless, as the great characteristic variations in the discharge and height of the river 
are dependent upon causes which, considered in reference to a series of years, act uni- 
formly, long-con tinned observations will make known the general law governing these 
variations, although it may not include the minor oscillations. The nature and amount 
of the data collected in connection with this investigation, upon which much labor has 
been bestowed, will be seen from the following account of the daily measurements made 
of the stand of the river at various localities. 

Such measurements require the erection of permanent gauge- rods, which, in the case 
of the Mississippi, is rendered peculiarly difficult by the caving of its 
banks, by its great range, and by its accumulations of floating drill logs. methods used 
Different plans for establishing the rods were adopted at different locali- in establishing 
ties. Thus, at Carrollton and New Carthage, the rod was nailed in sec- s 

tions to short piles at different distances from the edge of the natural bunk. At Donald- 
sonville. it was spiked to a wharf, where it yet remains uninjured. At Natchez, the rod 

15* 
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was secured to Mr. Brown's breakwater. At Baton Rouge, at Bed-fiver landing in 1858, 
at Lake Providence, and at Memphis, the upper part of* the rod, several feet in length, 
was nailed to a tree standing upon the extreme edge of the vertical natural hank. When 
the river fell below the bottom of the rod, temporary pieces were planted and carefully 
referred to the main rod by means of a spirit level. At Red-river landing in 1851, and 
at Columbus, an upright to sustain the rod was planted at the foot of a Bleep bank, and 
securely braced at top by cross-pieces pinned to the ground. At Napoleon, where the 
shelving bank rendered this plan impracticable, a pile was sunk in the must secure 
place, and protected against drift by a floating framework of timber, in the form of the 
letter V, the vertex being directed toward the river, and the ends lashed to trees and 
braced against the edge of the bank. At Vicksburg, even this method was impracticable 
from the number of steamboats constantly arriving and departing. A series of benches 
was made upon stones planted at different distances down the slope, and tiie daily stand 
of the river was determined by referring the water surface to one of them with a. spirit 
level. When the velocity observations terminated, a rod was established on (be other 
bank of the river in the same manner as at Memphis. 

Having, by mentis of the various plans enumerated, established a fixed scale of 
Amount of data refereilce ' t,l ° daily height of the river at each of the stations was ob- 
collected by this served and recorded, together with the state of the weather, the force 
Survey. and Ji rcc t; ii of the wind, etc. As already stated, at stations where 

tidal influence was suspected, additional readings were taken, or sell-registering gauges 
were used; but for oscillations due to variations in discharge, a single observation per 
day is sufficient, and such only have been presented in No. 1, Appendix B, which con- 
tains all the details necessary to he known respecting these operations. Their extent 
is exhibited in the following table: — 



Nitmher of mouthy or parte of months, of dully </<t >/•/>• rm/rd. (St-v Aj>/>< tidis II, \ 



Ux .,![(>'. 



mi vw 



wa. 



Cairo 

Coin mbiiH . ..►. ........ ..>........ mi,., ,. 

Metuplii* 

N'n|Hil<>on , 

Lnki* t*fovtdwH»e ■ ■■ • I" 

Vicksburg ■ ......... 

New Cti rlli age. " 

tffticliei •■■■ [J 

Ued-river limiting * 

Union Rouge.. ■ •■■•■ ■■■■■ '' 

Don* Mfiin villa 11 

CiMTotlim ■• '- 

r'nrl St. 1'liHip • ]1 



i'j 



VI 



i : 



i-.. 



S 
12 

ta 

n 



i j 



. ■ 



15 



IMW. 



IXHl 



Other data 

collected. 



Besides these measurements made by the Survey, many other data 
relative to the subject have been presented in Appendix li. 
Thus Mr. Anih-eu Gingry, who kept the rei-onl at DoiiaMsunville, continued the 

observations after those of the government ceased, and as stated in the 

^lle OIiaIdS011 * lf ' tt<>r te * am W tt * n 8 tms Import, presented to the Survey a transcript of 

Ids notes taken three times a day for the years 1854-00-5(1— *)7— )9, and 

part of 1$0O. This record is especially valuable, because no accident has happened to the 
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gauge-rod since it was first put up l>y Lieutenant Warren, in 1851, Its adjust men t was 

found to have remained exact, when tested, in 1850, by the old bench-mark. The other 

rods were displaced several times, but were frequently tested, and the records are known 

to be correct. As, however, the relative heights of some of the high-water marks will 

excite surprise (judging from statements which have from time to time appeared over 

the signatures of distinguished engineers), it is satisfactory to bo able to establish their 

ficcuracv liy their accordance with this continuous record at Donaldsouville. This 

register" Is also especially valuable for supplying the break in the Carroll ton record 

during the years I855-56-67, and thus, as will be hereafter seen, aiding in discussing 

the annual discharge of the river. 

Appendix B also contains records kept at the Memphis navy yard, for 1848-49- 

50_5jM>2j k |1( 1 copied from the record books of the yard by permission 

of Commodore Joseph Smith, U. S. N., Chief of the Bureau of Yards emp "' 

ami Docks, Navy Department. 

Tt also contains records observed at the St. Louis arsenal (Captain 

,. . /i i- •, to i ^ i i i - 1 j) At St. Louis. 

W H Hell. C. S. Ordnance, Commanding), m 1 84 .1-44-4 a, under the 

direction of Captain T, J. Cram, U. S. [Topographical Engineers. 

It also contains records at Carrollton for the years 1848-49—50 and 
I85S-54-35 n**dfl under the direction of Profeflaor Forshey. arro on ' 

\mn'oxitnate gauge- records at Helena and Providence for the Hood months of 1868, 

..,i ,.,,.;,, ik ■nmroximate registers of the oscillations of the tributaries 
iinti v >li iv*m L *i l Mis g©U Enrolls 

.. 1 Mississippi — the latter mostly compiled from the daily newspa- 
pers—have also been added to this appendix. 

Plate VII has been prepared to exhibit the Original data compiled by Professor 
V hftv from the records of Governor Winthrop Sargent, Mr. Samuel 
ii. ri • and himself at Vidalia opposite Natchez. As many refer- 
ill be made to these data in the division of this chapter treating of ''great 
ii l«" il is oulv necessary to state here that they are now made public for the first 
detail" although in Professor Forshey's u Memoir upon the Physics of the Mis- 
■ " .minted to accompany the report of the Joint committee on levees of the 

SISSippl. pinti*- 1 - 1 * _ • 

' Ifltore of Louisiana in 1850, there is a diagram winch represents these data reduced 
n . I ,.„ n ,iti or oscillation at Carrollton, and combined in mean curves of ten years each. 
This completes the list of data available for determining the usual Tfle8e data 
• i' stages °' tUc ' Mississippi between St. Louis and the gulf. represented by 
Tlie most important portions ior this purpose are presented tn diagrams ? 

on plates V.n.VlfVUl. and IX. 

Each o\' these annual gauge-records is, ot course, an exact register ot the variation 

:„ stage of the river at that place for that year. By comparing the Classiflcati(m of 

' I ' I exhibit the oscillations at the sivine locality in different them for the pre- 

eare it will be seen, as already intimated, that the river varies greatly Bent P ur P Me ' 



At Natchez. 



110 KKl'ORT ON THE MISS 1 SS 1 1' I' I RIVE 11, 

sufficient fur the investigation of this subject above the mouth of the Ohio. Below 
that point, the river is divided by its tributaries into three sections: the first between 
the Ohio and the Arkansas, the second between the Arkansas and the Bed, ami the 
third below Red river. The records are, then, to be examined with reference to the 
mean yearly oscillations in each of these sections or divisions. 

Between the Ohio and Arkansas rivers, Memphis is the only place where gauge- 
records have )x;*en kept for a series of years. (See plate VI II.) By legi- 
The Ohio to ,► . , ... * . . . . " r . , , ., ' , ' 

the Arkansas. timate interpolation ior missing observations, the register at tliat place 

can be made complete for five years, a period of time not so long as 
could be desired, but still sufficient to entitle the mean result to some confidence. The 
mean readings tor each month during the five years are contained in the following 
table. 

Between the Arkansas and Red rivers, Natchez is the point selected, since Profes- 
sor Forshey's compiled record at Vidalia, opposite the city, is available, 
to theRed* 35 in addition to the two years' observations of this Survey. (See plates V, 
VI, and VII.) Professor Forshey's records are incomplete, and the rigid 
rules of interpolation adopted in preparing tins report admit of the use, for the present 
purpose, of only twenty-three of his curves. The several monthly means taken from the 
diagram will be found in the tallowing table. 

Below Bed river, the data are more exact both at Donaldson villc and Carrollton. 

, „ , , The yearly record is complete at Donaldsonvillc for the nine years, 
Below Red river. 1L , ri , n , , « ,. .. ,, . _. . «■■ 

18§l-§y, ana at Oarroliton lor the twelve years, 1849-60, except ior 
the years 18o5-5G-57. For these years it can be supplied from the DonaldsonviUe 
record by the following process. The mean high water, as determined by monthly 
means, reads on the Dona idsonvi lie gauge 24.2, and oti the Carrollton gauge, 12.2; 
the mean yearly range, as determined by monthly means, being 17.9 and 10.4 feet 
resj actively. It is evident, since the range in this part of the river decreases uniformly 
as the gulf is approached, that any mean monthly reading may be quite accurately 
ascertained by subtracting from 12.2 the product obtained by multiplying J",]— O.oS by 
the difference between 24,2 and the mean reading for the month at DonaldsonviUe, 
A few trials will show that this process gives results whiuh accord very closely with 
actual observations. Indeed the errors are absolutely inappreciable in this use of 
gauge-records. 
General table The following table exhibits the data just enumerated, the mean 

?es d uit s asram ° f lvmltti uI ' wllich are ahv l >lx ' Si -' nUi d iu fi S l ' r <^ 3 iuul *i plate IX. 
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Mean month??/ gautjc-rod readings. 
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?«r. 


Jan. 


Fl!l>. 


Mcir-cli. 


April. 


M:iy. 


JUIIU. 


July. 


August. 


Sept. 


ilftnl VI-. 


Xiiv. 


9,«. 




184'J 
1850 
1851 
1868 
1 869 


Feet. 
•11. 1 
28,0 
12*9 
18,8 
28.6 


28.3 
81.8 

ni.11 

I5.S 
23.6 


ZlW. 

27 
82,0 
33.0 
■42,8 
84,*7 


fiet. 

27.0 
80.3 
17.0 
29.0 
34,(J 


Ftct. 
23.0 
33.9 
17.D 
32.5 
33.7 


Feet, 
21.8 
17.2 

iS.S 
31. 'J 
23.9 


Feet, 

19,5 

15,1 
31.0 
20,5 
18.3 


Feet. 
13.lt 
13.2 
13.0 

I'.i 8 

11.3 


Feet. 
8.1) 

11.0 

u.5 

10.6 
5.0 


fleet. 
7.0 
5.0 
8.4 
5.1 
fi.o 


Ftct. 
8.1 
5.4 
7.0 
9.5 
7.0 


Fed. 
18.0 
10.5 
7.9 
15 3 
19.0 
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mcnn .. 


21.8 


23.4 


2D. 8 


29.7 


28.0 


25 3 


22.1 

30.0 

13.0 


16.2 

14.5 
3 6 -5 


92 


6.5 


7.4 


15.4 




tsio 

1822 


10.5 

28.5 


2:!. (I 
82.5 


2s 5 
31.5 


85.5' 

35.5 


46,0 
45.5 


45.5 

4-;. 5 


»3-S 

.S.j 
30.5 


10.5 


2.5 
20 5 


3.0 
41 5 






1823 


4:! 5 


45,0 


■1:1.5 


5O.0 


52.5 


51.5 


48.5 


42.5 


10.5 


8 5 


5 5 




1624 


21.0 


88.6 


ii 


18,5 


51.0 


49,6 


47.0 


86,0 


19.5 


12.5 


12 5 


28.0 
4 5 




1826 


88.5 


18.5 


27.0 


41.5 


49,5 


17 11 


36.5 


23 5 


14.0 


9.5 
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42.5 


-is 5 


61.5 


51.0 


51 1. ;, 


49.0 


4 1.1. 11 


41.0 


30,5 


20.5 


10.5 


23 5 




1829 


JAb 


18.0 


21.5 


38,0 


41.5 


2H.0 


17 5 


13 


10.0 


14.0 


",", ;, 


.■;; it 




1830 


41.0 


20.6 


:::!,-. 


48,0 


IMJ 


10.5 


40,5 


25.0 


9.5 


3 5 








1831 
1884 
1835 
183« 

1837 
1888 
1889 

1840 
1*4 1 
1844 
1845 


24.5 
42,0 
17.5 
80 5 
33.5 
24.5 
1(5.6 
14.1) 
4fl.il 
41.0 
39.5 


28,0 

44.0 
Jit) g 
34.0 
21.5 
27 5 
27.0 
24.0 
47.0 
41.5 
30.0 


SS.O 
43.1) 
34.5 
38.5 
33.(1 
37.5 
20.5 
48.6 
43,0 
16.5 
47.0 


44.5 
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39.0 

4!t.5 
40 
Hi. 5 
88 
46.5 
47.0 
49.5 
44.5 


49.0 

■■•,:.» 
■11,0 
50.5 
41.0 
38,5 
27,5 
50.6 
49.0 
51,5 
37.5 


■ll.ii 
20.0 
43,5 
48.5 

27.5 

27.5 

21.6 

49.5 
43.0 
52.5 
26.5 


35.0 
34.11 

35-5 

-,s =, 
11.0 
21.0 
13.5 
41.0 
21.5 

62.5 

;:■.< n 


15.0 
39-5 
-5 5 

M-S 
16.0 
15.5 

8.5 

20.5 

lt',.0 
48.5 
24,5 


15.0 

20.5 
13.5 
130 
1 0.5 
5.0 

>5 5 

Jl.O 

35.5 
11.5 
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(9.3 

"J-S 
8.0 

11,0 
8.6 
2.6 

20.5 

IO.Q 

28 5 
13.5 


13.0 
17.0 
81.5 

9-5 
18.0 
14.0 

2.5 
20 5 
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26 
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61.6 
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37.4 


21.8 


12,5 


11.6 




I838 


48,8 


41.7 


39.5 


49,9 


51.8 


52.6 


51.9 


44,6 


23.2 


12.9 


20.0 


Munilily 


menu .. 


80,0 


33.0 


38.8 


15.2 


44.9 
23.9 


40.9 
23.9 


30.2 


27.6 


17.8 
11.4 


13.0 
6.8 


15.2 
6.4 


20.11 


liiiriiiliJsimville.. 


1851 


. 9 * 


16.3 


28.8 


29.3 


2:..:: 


21.0 


0.0 




1852 


in.: 


12.9 


24.6 


20,8 


27.0 


27.7 


20.2 


9.0 


7.2 


7.0 


10.4 


18.0 




1853 


25 5 


24.1 


27.0 


20.0 


J7.1 


20,3 


19.0 


11,4 


7.8 


0.8 


5.8 


0.3 




IK.", 4 


6.9 


20.2 


21.6 


20.0 


25.3 


21.0 


ls.l 


7.9 


0.4 


0.3 


4.9 


4.4 




[8S5 


:a> 


B.8 


7.i; 


18 9 


10.3 


10.7 


10.0 


9,2 


10,0 


9.7 


Ht.i 


12.9 




[ggfi 


12.0 


6.7 


22.3 


20.2 


211.7 


20.8 


8 5 


5.0 


4.8 


4.1 


4.2 


12,3 




1 887 


10 2 


] 1.1 


24.7 


18.7 


20.8 


19.5 


14.8 


7.2 


4.8 


8.9 


5,2 


M.o 




1858 


25.(1 


24.0 


23.6 


28.1 


20.4 


29.1 


28.0 


25.9 


12.3 


7.(1 


66 


12.8 




1K5U 


£8,6 


2H.4 


20.8 


29 


29.2 


20 3 


19.8 


8.0 


3.9 


5.6 


4.3 


11.0 


M.iinlily 


tueuu .. 
1840 


14.5 


16.1 


-:;.(i 


2 1 i 


24.1 


23.1 


18.2 
12.1 


11.7 


7.6 


(1.3 


6.4 


11.3 




I8.« 


148 


14.8 


14.7 


14.2 


13.2 


12.4 


8 1 


2.8 


8,4 


8.5 




1830 


180 


13.2 


12.0 


12.8 


12.3 


12.0 


8.5 


3.2 


1.8 


1.0 


0.2 


3.1 




18S1 


0.7 


0.0 


118 


14 S 


12.0 


11.0 


12.5 


9.9 


4.1 


1.5 


1.1 


0.8 




1852 


3.0 


4.0 


11.7 


12.9 


13.1! 


13.5 


9.2 


3.1 


2.8 


2.7 


4.3 


8.4 




1858 


13.7 


12,6 


14.3 


13.8 


14.4 


13.9 


9.0 


5,0 


2.1) 


2.2 


1.7 


2.0 




1854 


18 


10.4 


11.1 


13.8 


12.7 


1 ::.9 


9.4 


2.1 


2.0 


1.9 


1,2 


0.9 




1 85S 


2,4 


u 


2.9 


0.5 


4.1 


4,6 


4-5 


40 


4-5 


4-3 


4-5 


6.1 




1850 


59 


M 


11.7 


10. $ 


11.5 


10.8 


j.6 


1,9 


1.4 


1.0 


1, 1 


5.8 




1867 


4 6 


r.o 


is 9 


9-6 


10,8 


10, 


7-3 


z.S 


'■4 


0.9 


1 3 


0,2 




IS5S 


12.7 


12.5 


11.7 


14.2 


14.7 


14.2 


13.7 


11.9 


4.0 


1.8 


2.3 


5.3 




1859 


10,8 


9.0 


l-j.'i 


14,7 


14.5 


12.7 


8.7 


3.2 


1.7 


1.0 


0.7 


5. B 




1 Kill) 


9 J 


11.9 


12.7 


7.7 


7.0 


4.1 


2.0 


1.3 


1.0 


0.3 


1.0 


2.1 


Monrhly 


llll'illl .. 


8.2 


8.9 


12.0 


12.2 


11.0 


11.2 


8.4 


5.1 


3,0 


1.8 


1.9 


4.7 



To rentier these mean results more directly comparable with each « , .. , 
,1 1 /■ .1 1 1.1 1 i n 1 ., . . , Analytical coin- 
other, the following table lias been prepared, exhibiting the mean parison of these 

monthly Stand of the river, expressed in decimals of the total mean resu1 ^- 
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yearly range as determined by monthly means. That yearly range is 10.4 feet at 
Carrollton, 17.9 feet at Donaldsonville, 82.2 feet at Natchez, and 23.3 feet at Memphis; 
the corresponding mean high-water gauge-readings, as determined by monthly means, 
being 12.2, 24.2, 45.2, and 29.8, The table is computed by dividing by the yearly 
range the number of feet of each moan monthly reading below high water. 

Mean stages of the MimU&ippi hvh r. 



Month. 



January,., 

Pchruary. 

March 

April 



May 

J una .. 

.Inly 

August 

.Sejileiiiber. 
October .... 
November . 
December . . 



M..iiiMj- mmtl ,.rriv.. r Winn- big* mini In ibcliuti nftutnl im-nu yearly riin^. 



i.i ^'<r-.. 



0.84 
U.1!T 
0.00 
0. 00 

O.OH 
o.l'.i 

o.sa 

it SB 
0,88 

1.1KI 

o,aa 



Vntehvtt, 



0.4" 

ass 

O.IK 

0.28 

ii.r.r, 
aae 

I.IKI 
U.'.til 

n.7i; 



Pontdnanvllle 



'■ill '■■* 

(1- yeora.) 



I).', I 
0.45 

0.07 
0,00 
0.00 
I) it" 
(l.ftil 
0.70 

a oa 

LOT 

u.'.i'.i 

0.7a 



0.88 

0:1:: 
0.O2 
nun 
0.08 

I) UP 

a.:'. 7 
<i i;h 

I...S.S 

Mill 

ii/.i'.t 
0,72 



Tins table, except for Natchez, where the curve is less accurately determined than at 
General laws tne other Iocalitit3S ; is illustrated by figure 3 ? plate IX, It i,s to be re- 
governing the marked that the oscillations at the flood stages are in some measure 

stages of the obscured at Memphis by the effect of the St. Francis swamp, at Natchez 

river. * 

by that of the Tensas swamp, and at Donaldson villi' and Carroll ton by 

the combined effect of those swamps and of crevasses below Red river. It is then perceived 
from the mean curves: 1st. That the law which governs the mean annual rise and fall of 
the Mississippi varies but little from the Ohio to the gulf. 2d. That the rains which accom- 
pany the three great changes in season (to winter, spring, and summer) throughout the 
larger part of the Mississippi basin, produce three corresponding rises in the river 
(augmented in the spring by melting snow). 3d. That, above the mouth of the Arkan- 
sas, the rise occasioned by the rains and melting snow which attend the setting in of 
the southwest winds at the transition from wilder to spring, in the northern and east- 
ern part of the great valley, usually attains its highest point in the latter part of 
March. Tie:' river then subsides until the arrival (commonly in June) of the Rocky- 
mountain rise, swelled by the early summer rains of tfie lower Missouri, and by those 
of the eastern portion of the Mississippi basin,* It then falls rapidly until the latter 

•The rainy season along the toot of tin 1 ltoeky inimniainn in the region drained by the tributaries uf the Missouri 
river, occurs in the latter half or spring, One-third uf tint yearly precipitation taken place ai tlmi, time li to 
attended by the melting uf the enow in the mountains. The rise thus produced reaches iliat portion <■>( the Missouri 
river cast of the '.isth meridian (Greenwich longitude) at the time of the early summer mini. The waters of tin- MS*. 
smifi receive that peculiar color by which they ate recognised even M New Orleans from the days of the Meovweaa 
Verres, through which they pass. 

The tributaries of the Arkansas that rise in the Hooky mountains have, I* like manner, a late spring rise, which 
is joined hy the summer rsiins of the lower part el the basin, but with lea regularity than occur* in the junction of a 
similar character on the Missouri. 

Tin- Bed river rises iu the Llano Ksltteiido, not in the Itm-ky mountain*. \\* summer rains are laier than those u|' the 
Missouri, and its spring and summer rises occur nt later period* than those of tin- upper iributarics of the Mississippi. 

r l'he Arkansas partakes somewhat of the Character of the Ked river. 
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part of October, when the lowest point is attained. After remaining at a stand for two 
or three weeks, it again rises— and more rapidly than at any other season — until 
checked by freezing and the diminution of rain (precipitation) in the basins of the 
upper rivers in January and February. 4 th. Below Red river, the same general oscil- 
lations occur, but somewhat later in the season, the only modification being that the 
tributaries below the Ohio contribute their corresponding floods somewhat later, and 
thus maintain the stand of the river for a longer period. 5th. The river is above its 
mid-sta iT e for seven months, from the latter part uf December to the latter part of July, 
and below it for the rest of the year. 

What was said at the beginning of this discussion should, perhaps, be repeated here. 
Although the surface of the river follows in a general manner the sue- 
^afflon of stn< T es indicated, yet climatic variations produce each year 
dscillationfl differing from the mean and from those of each preceding year. Oon- 
ueiitlv these mean curves, which exhibit so beautifully the existence of a law 
Governing the general succession of stages of the river, do not furnish the means of 
predicting its stand at uny given epoch. 

CROSS-SECTION. 

It would he useless to attempt, to discover the &sad average width, depth, and area 
r .ross-section, of a river like the Mississippi, without a vast expendi- 
ture of time and money in measurements. Neither the importance of JjSjf" 7 
I . knowledge to be thus gained, nor the amount of the appropriation 
, , .r present survey has justified such extended operations, and they have not been 
ti imoted. Still, as it is essential to have the approximate value uf these quantities, 
Bsnrementa were made, with a view to their determination, at numerous carefully- 
" , ", i polities. Tlie details of these operations will he found in the next chapter and 
• \ iendix C. It is proposed in this place to discuss the results there recorded, and 
'itSvc from them as (dose an approximation as possible to the true dimensions ol' 
-r iss-seetion of the river at high and at low water, below the mouth of the Ohio. 
Hiith wtfcr. — The first point tor consideration is the general grouping of the sections. 
Mi! neb the data are already meagre, yet it seems so probable that 

?■> ' ^.-minions of the great tributaries altoet the dimensions of the Classification 
the cutilimui" 1 "' 1 data. 

* ..;»,.i- that it is considered important to subdivide them. Pour 
1 divisions will therefore be considered, namely: from the Ohio to the Arkansas; 
, the Arkansas to the Ked; from the lied to bayou La Fourche; and from bayou 
TV n relic to the head of the passes. In each the same general plan of computation 

** Tl -next point which suggests itself Is the proper weight to he given to the diifer- 
.„♦ sections i» deducing a mean valuefor the river. It will be seen Proper method 

tidix C that, at some localities, many cross-sections were of grouping 
1Vo,,l (i 7^ e slll)( ' immediate vicinity, and in others only one. Now, the Becti(ms ' 
m;U l . • , t jg |o determine a mean cross-section, it, is evident that, if all the sections 

. i" ( ,, llu d weight, the dillercnt localities, which all equally affect the true mean, 
i unfairly represented. In other words, the resulting mean will correspond 
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not to thy whole river, but to certain portions assumed to resemble most nearly this 
quantity- Tim mean of aU Kfftiaim "in tin- mmc vicinity is, therefore, in ah cases assumed 
to be the true section there, and only regarded as a single section in finding the gram I 
mean. 

The propriety of combining published data with those collected by 
^SSheddataf tllL ' Purvey next suggests itself. Very few of these data are to be found, 
but such as there are will be briefly noticed. 

The section at Memphis, made by Lieutenant Marr, U. S. N., is un- 
ieu ' ' doubted ly correct,, and has been adopted. 

The sections mnde by the Senate committee of the Louisiana legislature in 1850 
f Senate were on ^' designed for genenil purposes; the places of the different 
committee of soundings not being fixed by triangulation, but being assumed to l>e 
Louisiana. equidistant. This kind of wtirk, although valuable for the general pur- 

poses contemplated by the committee, does not possess tbe exactness requisite for tbe 
operations of this Survey, and no use bus been made of it. 

The data presented by Mr. Eltet in his report upon the Mississippi in 1851 next 
claim attention. No opinion of tbe care with which the measurements 
were made or even of the method employed, can be formed from the pub- 
lished report. By examining tbe archives of the Bureau of Topographical Engineers, War 
Department, however, several of the original diagrams were found, and they show that 
the exactness of measurement deemed essential in the operations of this Survey was not 
attempted by Mr. -Ellet. For instance, most of bis sections of the Mississippi river On 
file were determined by 1eM than im aOMldint/S, and even these were so imperfectly dis- 
triljutcd that w\y large intervals (one interval exceeding 1100 Feet) were left on several 
of the sections. Uy comparing the areas of cross-section determined by Mr. Ellet with 
those given in this report, when the sections happen to be at the same place, it will be 
found that the two values sometimes agree closely, but that at other times they differ 
very much. Thus, jnst below the mouth of lied river. Mr. Ellefs section (high water 
of 1850) is" 268,646 square feet. That found by this Survey for the same high water at 
the same locality (mean of two sections) is 269,600. This is a satisfactory agreement; 
but at Eaccourci eut-otlj only 3 miles below, Mr. Ellet gives 1 18,71111 square feet for the 
area at high water, I860; while tbe accurate determinations of this Survey, made about 
the same time and published in full in Appendix (J, give (mean of two sections) for the 
same place and date 186,900 square feet, showing an error in Mr. Ellet's work of some 
38,000 square feet. This particular instance is cited because it shows that Mr. Ellet's 
opinion is based upon erroneous measurements when he decides that "the area of the 
section of the Mississippi in high water through the Uaccourci cut-oil" is but little more 
than two-thirds of the average area from Vieksburg to Bonnet Carre;" and that "the 
conclusions which will be drawn from this fact will be found of the highest importance 
in treating of the effect of cultivation, of cut-nils, und the extension of the levees, in 
fact in all measures tending to throw more water into any part of the channel in a 
given time." The truth is that, at the date of his geld work, the area of cross-sec- 
tion at Eaccourci cut-off had attained the normal dimensions for Straight portions of the 
river in this part of its course — as, for instance, at Vieksburg Or at Baton Kongo. UuL 
to return to the subject under discussion, Mr. Elletfs measurements of cross-section, 
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being found to be less exact than those of tliis Survey, have not been used whenever 
operations were conducted by botb parties in the same locality. As, however, they 
undoubtedly approximate to correctness, they have been used for general purposes 
where no corresponding measurements were made by this Survey. Due acknowledg- 
ment has been made for such as have been su used. 

It only remains to explain that the areas in the following table have been taken 
from the table in Appendix C, and reduced to the high water of 1858, 

when sensibly differing from that level, by means of the table of rela- ? abl t. s exhibit- 
" J . . " ,. . , .„— ,,, , „ iiiff the mean 

tive heights of different Hoods, given under the head oi "Great Hoods. Mgh-water areas 

For Mr. Ellet's sections, the high water of 1808 has been considered to and mid-channel 

be 2 feet higher tban that of 18-50 above the month of the Arkansas, Mississippi. 6 

and of equal height below. In two or three sections of the Survey, 

where large permanent eddies are known to exist, their measured area has been 

deducted. 

By the maximum high-water depth is meant the mid-channel deptli of the river at 
bi"h water and consequently, when several sections have been made at the same 
locality the mean of their maximum depths, and not the greatest depth observed on 
any one of them, is entered in the table. They are all taken from Appendix C, for 
the sections made by this Survey. 

In all other respects the tables explain themselves. 

Hhfli-VAtkr areas and maximum depths of the Mississippi between hanks. 



flirt., riv, r tit Art 



Locality. 



i »» A f ,tf„r 

i-j awttt, ,, ;.,.,,.„,,. AnlliarKy.* 

J J & '-' 



1 

4 

1 
1 
1 

1 
Horse-shoe BUt-off. 1 



1 mile below Obio... 

Colo mhos.— 

New Madrid.. .... 

Aii.ivi' Osceola 

l!i»low Randolph 

Memphis 

Helena . 



Ft Sg. n. 

7:1 243,301) Mr. Ellet. 

au (Gfl.200 Ddla Sumy, 

% 2i)0,etw •• " 



Arkansas river t<p Kod rll'ur. 



Liability. 



0.7i m. above Ark. 



Mean— say. 



1 



89 
110 
BS 
71 
7*i 
B2 



-7 



UiS.OflO 
171,i!W 
lTfV.oort 

Jll.', KlU 

|t;7,non 
176,80(1 



t.ieut. Marr. 

1 It'll a Surrey. 
Mr. Jilk'*. 



I'JI.tiiiii 



Ue1ow utonlli of Ark 

0.78 m. below iffeansss. 
Upper siiic American bund 
Lower " " " 

i.nke Providence 

, Upper siile Terrapin iiei-k 
Lower " " " 

7 miles tilmvu Viekalmrg 

Yiokslmrg 

Above Palmyra beml 

New Carthage 

Uulow Palmyra bend...... 

Abuva Grand Uulf. ... 

lleluw " 

Niilebel 

Above Moil river 



Mean — say. 



.ii'jiiii. 
h.v. 
I ■ is, 



Ft. 

8S 

81 

104 

70 

87 

88 

102 

12(1 

101 

Sill 

111 
«1 

1 0B 
7fi 

I!-. 
84 



An-;t Gir 

'li-rljiiriro. 
Ii, w, 1885, 



211,700 

1118,400 
1711,11111 
lH7,2t)il 
201,700 
178,200 
I'JS.HHJ 
100,200 
178,600 
187,200 
■jus, nun 
256,800 
176,800 
■_>,,[. ^'i" 
221,600 
209,000 



Authority.* 



Delia Survey, 
Mr. Kllet.. 



Delia Survey 
Mr. liliel. 



Delta Survey. 
Mr. Eliot. 
Delta Survey 
Mr. Ellel. 



i)e.lta Survey. 



80 UHl.OIH) 



* As it sometime? happened that different employte or the Survey made sections at the same localities, it is impos- 
■( 1 eiw credit 1<> individual- h«»- Exact information on this; point may, however, lie. found in Appendix O. 



122 



REPORT ON THE MISSISSIPPI R I YE 11. 



lEvil 1'inT 1" I'n: 


ill Ijl 1 


ou relic* 


Unjoin La Fnnrelic I" hnnl of pottttfl. 


Wiilftjr. 


Ne. 

Ml" HAO- 

Uuil*, 

'2 

2 

1 
2 

3 

I 

I 
1 


Mux. 

il.j.ili. 
I. w, 
IBM. 

Ft. 
lit 
107 

HIT 
ln:i 
US 
lis 

UK 

118 


ilincharRW, 


AutlifirHv.* 

Delta Suivcj. 

Mr. I'llei. 
Uellii .Survey. 

:: :: 

Mr, diet. 


l/.rtk|itv 


No. 

lltlllfl. 

1 
| 


. Ml V An-riC.r 

•:'- rfSE 

1M&U. "' ■ ' ' 

«. ,v 7 . ft. 
103 214,600 

|80 "ii" nu> 


Anthol ity * 


Mod river binding 


8j.fi. 

24(1,000 

l»7. 

233,) ii hi 
l'.ll.tlllll 

181, i 

1811,001) 
181,600 
1 119,300 
200,200 


i 

ii. i m. bel. Iliimilil' v 'le, 

2.2 miles bebtw Bound 


Mr. Ellct. 

Uellfi Surrey. 
ii ,. 
.i i. 

41 1. 

11 .1 
il .. 
11 11 
11 11 
U It 


] mill! ii 1). 1 '■;ii on Hon |ie 

1 in, bol, Itatoti Rouge 
1 S in. lib, Plaqueiuiuc. 
l.."i in. bel. 
i m, Hi.. DoneldsonvilW 


Ali. 11. (.:. Brerasse 185U 

m. " 

IT in. nb. New Orleans. 

15 

. Iteutl nb. Currolllon 

in front of Cmrollton,. 

1 l.i id in riii eniml lucks... 
Fort St. Philip 


4 
fi 

I 
1 

18 
2fl 

e 
i 


111 
82 
188 
122 
147 

122 

I'.l 

lit 


228,000 

164.000 
174.000 
181,000 
210,300 
181,700 
1*7,SIIU 

281,800 




] |:i '■mi (iftfl 






1'. 1*1.111 hi 













The same principles apply to the determination of the high-water width as to that 

m i., V--U-* °f the high-water ami. but the exact topouTaphieui survey of both 
Tables exhibit- ° l '- l 

ine the high- banks, made between Baton Hougc and Urrolltoti, iti 1S51, furnishes 

water width of Q iL . m eans of determining it for the lower part of the river with "reater 
the Mississippi, . . . J o 

precision, llie width tit equal intervals o{ about 4000 feet bet wren 
these two places is given in the fallowing table, and but one explanatory remark is 
required. Between Red river and Baton Uouge there are several islands, wliile 
between the latter place and bayou La Kourrhe only one exists. As islands materially 
increase the width of a. river, it is evident that the tabic, containing, as it does, 08 
widths below Baton Rouge mid only 7 above this city — and most of these not taken 
in the vicinity of the islands; — must give too small a mean width. The numerical 
mean of the column in the table is 2tSf>0, but 110 feet more have been allowed, to cor- 
rect approximately for this cause of error, giving 8000 feet as adopted. 



* As it sometimes hsijipeiied thut different eiiijiluves of the Survey made Beetiorjs lit I lie .-nine luenltlies, it is impiis- 

siMe to give credit to individuals lure. K.vuet iururinuUun on tliis [mint nuiy, however, be found in Appendix U. 
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High- water \cidlht of the MUstssijipb helween banks. 
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ArkauHJw rivt-r !-> Rod rfrttr. 




mid,. 






Hi 1. 
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wMlli 
hi itWt&ti 

tank*. 
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4080 
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WilltT 

«■ t.lih 

ii,i„,-,.|i 
tmnkii. 


Party of 




Mr. Eiiet's report. 


lielow mnutU of Arkansas..., 


Feet. 

8220 




Hear Maud 4 


8280 


Me. W.S. Smith. 
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8780 
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Lt, Abbot. 

i. ii 




•J.-1W 
8 600 
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3800 


Mr. W.S. Smftlu 
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Mr. W. 8. Smith. 
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B58 i 
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•< 
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238i I 


ii ii 
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Outline of plan 
adopted for 
determining 
low-water 
dimensions. 



Low water. — The mean low-water dimensions of the Mississippi river are more 
difficult to determine than those at the high-water stage, partly because 
there is a much greater relative change in the different parts of the 
river, and partly because the data are more meagre. It should be 
remembered, however, that when the mean low-water width is fixed, 
and the mean range known, the mean low-water area can be found by 
subtracting from the mean high-water area the area of a trapezoid whose parallel sides 
are respectively equal to the high-water and low-water widths, and whose altitude 
is equal ti> the mean range in the part of the river considered. Also that the low-water 
mid-channel depth is equal to the same quantity at high water, minus the mean range- 
The range of the river below lied river, in 1S51, and between the Ohio and lied rivers, 
in 1858 is well fixed by the observations of the Survey. It is only necessary, there- 
fore, to find the mean louwmter loidths, for the four grand divisions already considered, 
in order to fix all the mean low-water dimensions from Cairo to the gulf. 

Low-water widths are only known where the cross-section and range have been 
determined, Mr. EUfit does not give the quantity for any of his sections. The low . water 
The onlv existing exact data are. therefore, the widths taken from the width below 
cross-sections made by this Survey. Below the mouth of lied river ^ea river, 
there are very few islands and sand-bars, and the mean range is comparatively small. 
It is therefore probable that a tolerably uniform ratio exists between the high-water 
and low-water widths. If so, it may be deduced even from a comparatively small 
number of measurements. The following table exhibits all the data available for this 
part Of the river: — 
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The ratio between the mean high-water and low-water widths given by this table is 
I) Ml 'ind it has been adopted, giving, for the mean low-water width between Red river 
and bayou La Fourche, 2750 feet, and for that below bayou La Fourehe, 2250 feet. 

Above the mouth of Red river, the channel of the Mississippi is en- 
tirely - different in character. The range between high and low water 
is great- many islands exist, and large sand-bars are found opposite the 



Low-water 
width above 
Red river. 
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fundus of almost every bend. The variation in width at high and low water is therefore 
very irregular, in some places being very small, as at Columbus and Vicksburg, and at 
others very greafcj as at New Madrid, .Natchez (at Mr. Iirown's I ire ak water), etc. To 
arrive at a correct mean value for a ratio which undergoes so great variations, from the 
lew measurements of this Survey (eleven low-water widths in a distance of nearly S00 
miles), could hardly he expected, nor was it necessary to depend upon them. A care- 
ful reconnoissance of the river at. its low- water stage, from St. Louis to New Orleans, 
was made in the months of October, November, and December. L821, by Captain Young, 
Captain Pousstn, and Lieutenant Tut tie. of the V. S. Army, under the direction of the 
Board of Engineers. They prepared a series of maps (scale. 1 inch per mile fur lengths 
and 2 inches per mile for widths) exhibiting the islands, the sand-bars, the worst col- 
lections of snags, the course of the main channel, etc.. etc. These maps accompanied 
the report upon the Ohio and Mississippi rivers, nddressi-d by the board I General 
Bernard and Lieutenant-Colonel Tofcten) to the Colonel commanding U. S. Engineers, 
dated December 22, 1822, and published by order of the U.S. House of Representatives 
in 1823. The maps were not published, but are now on file in the Ihuvau of Topo- 
graphical Engineers, War Department. They exhibit much detail in the location and 
relative dimensions of the bars, islands, etc.. and although the survev was not of a 
sulliciently exact character to furnish a reliable estimate of the absolute widths, a close 
approximation to the ratio between these quantities at high and low water may lie 
drawn from it, This ratio for the river between the Ohio ami the Arkansas, deter- 
mined by seventy-seven equidistant measurements on the map. was 0.72, and between 
the Arkansas and Red river, determined by sixty-one equidistant measurements, was 
0.74. It is, therefore, evident that, for the portion of the Mississippi lying between 
the mouths of the Ohio and Ecd rivers, the low-water width may fairly be assumed at 
three-quarters of the high-water width, OT at 3400 feet between the Ohio and the 
Arkansas, and at 8060 between the Arkansas and lied rivers. 

The mean observed range in 18.51 below bayou La Eourehe (mean between the range at 
Mean range of Dnnaldsonville and that at Fort. St. Philip) was '~"\; -=*= 15.4. Between 
river; 1851 and bayou La Pourche and lied river in the same year (mean of observed 

ranges at Donaldeonville and Hed-river lauding) it was --V"'" = ;U. 7, 
Between Bed river and the Arkansas in 1868 (mean of ranges at lied river, Natchez, 
Yicksburg, and Napoleon) it was - - ( ' ,w '*=40.;j. Between the Arkansas and I lie 
Ohio (mean of ranges at Napoleon, Memphis, and Cairo) it was 4l "; l —=38,0. 
Mean low-water T fl e 1I)(,;I " low-water area is, therefore, equal to the high-water area, 
areas. minus the following areas, viz: — 

Uelow bayou La Pourche 8850x16, 4+ (8470— 2350) 'V'=say 3(;,i)oa. 

Bayou La Pourche to Red river.... , i'7'iOx 3-1.7 -(-(IJdiH)— 87fi0) ?_••:?= say 100,000. 

Red river to Arkansas river 8060* 40.5 + (40S0— .'((Kill) L* ■' =say 145,000. 

Arkansas river to Ohio river 340H < 3s.U-H4470— :ui>") t$£«*flaj 160,90k 

Mean low-water '^'"■' low-water maximum depths result front subtracting the mean 

inuI-Dhaniiel ranges in the four divisions from the corresponding hinh-water maximum 

&e V th *- depths. 
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The following table exhibits the mean values of the dimensions General table of 
just deduced for high and low water, it being remembered that the resulting mean 
usual and not the extreme low water is considered. 
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As stated at the beginning of this discussion, it is not claimed that the existing 
data are mure tban suilieient to determine approximately the mean di- 
mensions of tlie Mississippi river, but it is certain thai the mean values Stable UP<m 
of the different quantities exhibited by the above table are deduced in a 
legitimate manner from all known existing data. When the results are compared, the 
changes in the values of the different quantities from Cairo to the gulf exhibit so much the 
appearance of some governing law, that the probability of the accuracy of the determi- 
nation is increased. At botli high and low water the width diminishes, and the depth 
increases, as the gulf is approached, facte long suspected, but never before reduced to 
figures. The water added by the successive tributaries increases the high-water area 
of eross-M'ctini]. The Atcbafalaya nearly prevents Bed rivet from exerting any such 
influence. The water discharged by bayous Plaquemine and La Fom'che diminishes 
the area. These are ttie results to be anticipated, and these are the results indicated 
by the above figures. Add to these reasons for believing in the general accuracy of the 
determination, the fact fully set forth in Chapter V, that the values accord very closely 
with those given by the best river formulae, and it is believed that their adoption will 
not be objected to, at least until further, more extended measurements indicate the 
necessity of correcting them. 

Plate X has been prepared to exhibit the characteristic variations in form to which 
the cross-section of the river is liable, as well as to show its relative dimensions as com- 
pared with those of the principal tributaries below the head of the alluvial region. 
The normal effect of a bend upon the local form of cross-section is indicated by a small 
diagram upon plate XII. 
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To comprehend fully the character of a river, the relations existing in its basin 
between the quantity of rain and the drainage should be known. This subject will 
therefore be next considered. 
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Yearly amount of rain. — Todetennine with precision the quantity of rain that lulls 

_ . h . ., in a region of such vast extent and such diversity of climate as the 
Data collected . ', 

respecting 1 down- basin ot the Mississippi river, would involve much more labor than 

fall in the Mis- has been expended Upon the problem Lip to the present time. Still it 
sissippi basin. , . . ,, ,', , ..,,, , . . l . ., , ,. . 

must not be interred that little 1ms been done toward its subitum. An 

extended system of observations has been carried on continuously since the year 
18o(j, nt the military posts, by the Medical Department ot" the United States Army. 
Another, established under the auspices of the Smithsonian Institution in 1849, bus been 
the means of accumulating a mass of material throughout the settled portion of the 
valley. Learned societies, colleges, and individual observers have contributed to the 
general fund. By the use of these observations an approximation to the truth may be 
made, that will be sufficiently accurate for any general purpose contemplated in this 
report. 

The first set of charts ever published exhibiting the distribution of rain in the 
Mississippi basin waa that illustrating the Army Meteorological Regis- 
ter (fourth in the series), which was published in 1855. These charts 
are arranged to exhibit the mean downfall in each of the four seasons as well as in the 
entire year. By transferring the boundaries of the different rain-districts, as there laid 
down, to the more recent maps constructed upon a much larger scale, the downfall in 
the basin of each of the main tributaries has been computed with all the accuracy 
possible. The results will be found in a following table. 

In 185S Mr. Lena Blodgei published his "Climatology of the United States," 
which was illustrated by a scries of rain-charts similar to that just 
cliarts° * * mentioned. Mr. Blodgct had been engaged, as assistant to Dr. II. II. 
Coolidge, U. S. A., iu the preparation of the Army charts. In recon- 
structing them lor his own work, be modified them in some respects by adding such 
other reliable data as he could obtain. Computations similar to those detailed above 
have tli ere lb re been based upon his charts. The results will be lbiind in a following 
table. 

In 18G0 a new Army Meteorological Register (fifth in the series) was published ley 

the Medical Department of the Army. This volume contains no raui- 

t * '' charts. The additional observations, however, are too valuable to be 

neglected, and they have been united with those published in 1855 ; 

with those in .Mr. Blodget's work; and with such private observations as have been 

available to the Survey, with a view to exhausting the subject up to the present date. 

The results, which thus include all available information relative to the downfall in 

the Mississippi basin up to the year LStJO, are presented in the following table: — 
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Ohsfn-ndum iquju yearly amount of rain. 
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The mean annual downfall in inches at each of these localities has heen placed 
upon plate I, which thus becomes a more complete rain-chart of the 
these data! Mississippi basin than any yet published. It exhibits not only what is 

actually known, but how much more the system of observation must be 
extended before the boundaries of the different rain-districts can be accurately laid 
down. It has not been deemed advisable to attempt, at present, to mark these bound- 
aries; and the mean downfall in the basin of each of the principal tributaries has, 
therefore, been deduced in the manner indicated in the following table. The grouping 
of the different stations has been adjusted with a view to represent, as nearly as possible, 
equal areas. 

( 'lu.s.sijuttti<m of downfall in the Mississippi basin. 
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Of the Sl. Francis river 
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Of Iho Missouri river. 
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Unstrt. 



Of Iho Upper Mississippi. 



Of the Ohio river., 



Of the Yazoo river', 



Of [In .-.[[mil tributaries. 
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The following table presents the annual downfall in each of the 
subdivisions of the Mississippi basin, that marked "Delta-Survey map" kttJbfS*" 
having been deduced by multiplying the areas of the several basins by of the several 
the mean annual downfall indicated in the above table. The three tnlmtaries - 
different determinations evidently accord well with each other, aud thus show that the 
"adopted" results must be sensibly correct. 
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Yearly amoitiif <>f nun in the basin of {he Mississippi. 
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Tables of dis- 
charge corre- 
sponding to the 
different stages 
of the rjver, 



The next subject for consideration is the minimi discharge of the Mississippi river 
and of the several tributaries. It is not proposed to give any account 
thTbTsfn. °*' *' ie ' mmncr i J1 which the discharge has been determined, since this 

subject will be fully elaborated in Chapter IV. The object here is 
merely to state certain results, and to draw certain general conclusions from them. 
Annual discharge. — Upon plate XIV is represented the measured daily discharge 
of the Mississippi at Carrolltun tor an entire year, plotted with respect 
to the daily stand of the river. It is evident that the condition of the 
river, whether rising or falling, makes a great difference in discharge 
at any given stand; hut it is equally evident that a mean line between 
these two extremes can he drawn that shall form the basis of a table by 
which the anwial discharge can he deduced from the recorded gauge-readings. For 
any given day, its indication will lie crroneuus, but for the entire year, which includes 
both the rising and the falling branches of the curve, it Witt be sufficiently accurate. 
Such a table has ljeen prepared for Oarrollnm from tins diagram; for Donaldson ville, 
from a similar one, constructed by transferring these; discharges to that place by a pro- 
cess hereafter to be explained; and for Natchez, from the measurements made there or 
transferred thither from Vicksburg in IS'iS {see plate XV). These three localities 
have been selected, because the long-continued series of gauge- readings at them can 
thus be made the basis of an accurate estimate of the annual discharge of the Missis- 
sippi for a series of years. From the data published in this report it will be easy, with 
the aid of the principles laid down in Chapter IV, to construct similar tables for any 
locality below Helena.. It is thus placed in the power ot' any one residing upon the 
Mississippi below Helena, to measure accurately the amount of water annually passing 
his residence, by keeping a daily record of the stand of the river. The computation 
involved in preparing the table and in computing the discharge from it will he trilling, 
while the results obtained will possess much value. The following is the table above 
mentioned. For the list of beuch-marks, etc.. see Appendix li. 
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Table arhihitiw/ the discharge of the Mississippi at different star/es. 



Carroll loll. 
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The method of applying this table to determining the annual discharge is very 
simple. Tin* discharges taken from the table corresponding to the 

TVTfitlii nil nf 

twelve mean monthly gauge-readings of the river year (November 1st applying them, 
to October 31st) are added together, and their sum Is multiplied by 
one-twelfth of the number of seconds in a year. By taking the sum of the discharges 
corresponding to the recorded daily gauge- reading and correcting the result for the odd 
hours, minutes, and seconds of the year, a more mathematically exact determination 
may he made; hut the small difference in the results will be of no practical import- 
ance. The first three columns* of the following table exhibit the results obtained by 
applying the former process to the mean monthly gauge-readings. 

The next question is how to determine the (rue discharge of the rieer from these 
three col u inns. Xutchez is situated below till the tributaries except Red Corrections 
river. Dunaldsouville and Carrollton are situated below the three for anomalous 
bayous which derive their supply from the Mississippi. Supposing no influences. 



* 'IV pinge-records at CarroUtOO for l*.i:i and 1S54 wore obtained from Professor Forshey. Tiiey were not nil 
kept nt the name locality, mid they art- less exaet tlian the rest. This is indicated by the table. For the years ls.'il, 
1852, L858, ami 1859, when the gauge was regobriy kept, the discharges o imputed at Donaldsouville and at Carroll- 
lon accord very closely. Pot Itw yeMa 1853 And K>4 a marked discrepancy is observable. For this reason it is 
concluded that the ttoDaldsoavflle wort for those years is the mure correct or the two. For the year 1358, as 
Will be hereafter fully explained, an anomalous influence affected the discharge curve both at Donaldsouville and at, 

' .up, III. ill. 
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crevasses to occur between Natchez and Carroll ton. then the difference between the dis- 
charge at Natchez and that at the two other localities measure* the difference between 
the contributions of Red river and the amount lost through bayous Atehal'alaya, 
Piaquemine, and La Fourche. But this hitter difference is insignificant and may 
be neglected, as the grand mean discharge at the three localities indicates, as well 
as that iu 1851. If then the discharges at Donaldson villi? and Carrollton be increased 
by the amount of crevasse water lost below Natchez, the results will be directly com- 
parable with those determined for former years at Natchez. They truly represent 
the quantity which it is the object of this discussion to deduce, i.e. the discharge of 
the Mississippi below all its tributaries; the Bed river not being considered one of 
these, but as emptying into the gulf through the bayous Atchafalaya, Plaqueiuiue, and 
La Fourche. The data for determining the needful crevasse discharge, as will here- 
after appear, were secured by this Survey with all the accuracy requisite for the present 
purpose. The last column of the table exhibits the final results of the computation. 
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i;no ooo mm mm 




Mean 




lit 682 (KM ii mm 


Ig n lo mm non mm 


19 


71;! mm nun mm 


i;i 400 ono dim ooo 







Several interesting results art 1 exhibited by this table. 
*™bTe. Up0n T!,t ' amuial <*i»ha*ge of *'"' nver, although mibjeet t.» great varia- 

tions, averages about I9i trillions of cubic feet. There appear to be 
three welUlefined classes of years : the extreme low- water years, as 1839 and L855, 
when the discharge is only about 11 trillions til' cubic feet; the ordinary years, when it 
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is about 10i trillions; and the great-flood years, as 1823, 1828, 1844. 1849, and 1858, 
when it averages about 27 trillions.* The differences between these quantities neces- 
sarily imply corresponding variations in the yearly amount of rain in the basin, and are 
perhaps due to the? same general physical causes that occasion the secular ose illations of 
the great northern lakes. 

Without being sufficiently complete to be decisive upon the subject, this table is 
certainly calculated to inspire the belief that the changes which cultivation bus cfl'eeted 
in the valley since 1811), have produced no appreciable effect upon the annual discharge 
of the river. Thus : — 

GUMo (•■•■!■ 

Par llie M measured yenrs jiri<>r to 1S3l>, llienienn unniin) Jiactisrge is 2<i -it'll 000 000 COO 

.. y ■' ■• bctvriicn IKH) and I *■!<>, tins mcim ammul discharge is 17 200 000 000 Odd 

„ - m u '< 1M 10 " i860, " " " 22 600 000 OOl) {ioi i 

„ in n <• « ISijii *• ISftO, " " " 18 000 000 000 000 

In order io be decisive, the discharge of a:enj year ought to be determined; a con- 
dition which the defective state of the gauge-reeOrds renders it impossible to fulfil. 

ji\i0n hijm; i, i he yearly amou/nl of rain and drainage in (fie &oswk— Adopting the 
mean yearly amount of rain already determined, and remembering that 
the annual discharge of the Mississippi fixed by the preceding analysis tfc^2re\a«B. 
is exclusive of any contribution from Red river, the discharge of that 
stream being carried off by bayous Atchafalaya, Plaquemiue, and La Fourchc, the mean 

• i J • » " a1 ,. XI" ■ ■ ■ i ' "in 600 000 000 000 i\ ,-iJ- 

ratio between rain and drainage m the Mississippi basin is rew ^ ww =0,25, 

This ratio varies greatly, however, in different parts of the basin. In Chapter IV 

it will be proved that, for the basins of the St. Francis and Yazoo rivers, 

and of some of the smaller tributaries, its value is about 0.0 ; and also that j^mp Country. 

the Arkansas and White rivers discharge about 2 trillions of cubic feet 

ikt annum. These numbers furnish a clue to the approximate de term I nation of the 

ratio in question for the basin of each of the great tributaries, and hence fix the mean 

annual discharge of each of those rivers. 

... -, xir , . . . s mo ooo ooo om n. i t 

Thus the ratio for the basin <>i the Arkansas and Vv lute rivers is v , = = vww = V-io. 

But this basin is entirely similar— so far as downfall and drainage are ^^ ^ m 

concerned— to that of the Missouri. Hence the annual discharge of Arkansas, 

the latter La 25 200 000 000 (101.1x0.15=3 7S0 000 000 000 cubic feet. White, and 

The ratio being 0.9 for the Yazoo, St. Francis, and smaller tributary for the Upper 

basins, the discbarge of those streams is 1 500 000 000 000x0.0= >»*£&[ «* 

1 360 000 000 000 cable feet, 1 100 000 000 000x0.9=900 000- baEl ™ 

000 000 cubic feet, and 3 600 000 000 000x0.9 = 3 240 000 000 000 cubic feet, 

respectively. But if the total discharge from these five basins be deducted from 19 1 

trillions of cubic feet, the result will be the annual discharge from the only two remain- 

;„„ basins— those Of the Upper Mississippi and the Ohio. It is 8 140 000 000 000 

cubic feet. These basins are so similar in physical characteristics that the same 

, 1 j. I HI! ■ I* ' il ft SUHII! Hill 

ratio may be assumed tor both. 11ns ratio is, mereiore, 13 ^ um ^ ll00+2(l m mm not — 
0.24 giving tor the annual discharge of the Upper Mississippi 13 B0Q 000 000 000 x 

* 'In iirevcnt mi-i mn-i'jitioii, it should lie rcintirkcd tliut the lutnl annual discharge is nu fair standard by 
which to compart the diftMOi L,t,p;it floods Of the river. It is the maximum discharge during a flood which de- 
ermines its height and d(JBtfl»0ti»a i- Intruder, mid which therefore Earaishes llie proper standard. 
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0.24=3 300 000 000 000, and for that of the Ohio 2(1 700 000 000 000x0.24 = 
6 000 000 000 (If HI cubic feet. 

It being assumed that, the annual discharge of the. Red fiver is equal to that of the 

three bayous, the ratio between downfall and drainage in that basin 
river basin * [l ' wu ma y ' )e deduced. Thus the mean annual stand of the river below 

high water, 1851 (transferred from Natchez, Donahlsonville, and Oar- 
rollton) being — at the upper mouths of bayous Ateluifalaya. I'laquemine, and La 
Fonrche — 23.5, t-1.0, and 8.0 feet respectively, and the corresponding discharges per 
second of the bnyous about 50,000, 5,000 and 2,000 cubic feet respectively (see Chap- 
ter IV), the mean discharge of lied river is 57,000 cubic feet, per second, or about 
1 800 000 000 000 cubic feet per annum. The ratio is then IZZZ Z ~ $•%*. As 
this basin has proportionally less of the dry plateau formation than that of the Arkan- 
sas, and more than that of the Ohio and Upper Mississippi, this value of the ratio cor- 
responds well with those deduced for those basins. It cannot therefore vary much from 
exactness. 

The following table has teen prepared to exhibit in a convenient 

form a recapitulation of these several determinations, the names 

of the tributaries being arranged in the order of their annual dis- 



General table 
of results of 
downfall and 
drainage 
measurements 



charge, 



Arnault down fall and drainage. 



riu«in. 


Annua) ilnwnhM, 


Annual ilrciinngi'. 


tudn. 


Nit m e. 


A I'M. 








Sijt'irrs mil'*. 
HI j i 

,*||S IIIMI 

h;:i in mi 
82 Mm 

lx;i noil 
\r, 000 
|:l BM 

in [ 

1 117 mm 


Cub if ft el. 
•2» Tim mid Hllll lltlll 

l;.", 200 iioii (urn nun 

IS MIK) (mil (10U OOII 

:; 800 000 dim dlHl 

[;; iiiiii nun mid nun 

B Mill IIIIII IIIIII iiiiii 

] ,'iiM) iiiiii nun niMi 

] Inn i mm j 

78 600 000 diHi nun 


( 'nine feet. 
r, mm iifiii niii) mid 
:; 780 iimi in in iidii 
:', goo noil iidii mid 
Jin Odd Odd dim 
•l mm mm linn iiiiii 
1 sm i iiiki oihi nod 
l 860 oilo mid i-iii 
n '.mi 000 dim noil 
10 goo 000 diHi mm 


0.24 
O.lfi 
24 

a 90 

O. 1 ."i 

0.20 
n. '.in 
0.00 

1 1. £s 




l'[i]>ff Mi-Himipjii 
SttuOl ttibut&tiufi*. 
Arkiinwis (inil Wlii 










|p rivers 


[ZZZZZZZZZ 


Si. Ki-imeift river ,. 
tfjiiirt! Missiwippi 










This table, taken in connection with a map of the region, shows that neither the 
size of its basin nor the length of its course is any criterion of the hydrographic 
importance of a tributary stream. 



SEDIMENT. 



Mcaxurvmmts tnj tin: Helta Sitrrctf. — A knowledge of I lie annum! of sedimentary mat- 
ter held in suspension by the .Mississippi at its ditlerent stages, and, in 
remarks! general, of the laws which govern the formation of I lie alluvial delta of 

tins river, is of high practical importance. With a view to investigate 
thoroughly one branch of the subject, Professor Furshey in 1851, in addition to his cur- 
ront-measiirenients at (,'arrullton, was charged with the duty of collecting, daily, samples 
of Water from ditlerent parts of the river at, that station, so as to present a fair average 
of the whole, and of carefully weigh ing and [ (reserving the sedituent. 
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The stations -were selected opposite the velocity basse; one about 300 feet from the 

east bank, the next in the middle of the river, and the other about 400 ^ . .. . ., 

' . Details of the 

feet from the west hank, ilie high-water depths at these stations were measurements 

100, 100, and 40 feet respectively. Samples of water were collected at Carrollton. 
daily (Sundays excepted) at surface, mid-depth, and bottom at the first two stations ; 
and at surface and bottom at the third, The samples below the surface were secured 
by a small keg, heavily weighted at the bottom and provided at each of its heads with 
a large valve, opening upward. These valves allowed a Free passage to the water while 
the keg was sinking to the required depth, hut prevented its escape while being drawn 
op. When the keg reached the surface, the water contained in it was thoroughly 
stirred, and a bottle filled from it. On returning to the office, 100 grammes of water 
were accurately measured from each of the eight samples, and each parcel was sepa- 
rately preserved in a precipitating bottle. After receiving six days' contributions, these 
bottles were set aside fur two weeks to settle. The greater part of the water, then 
perfectly clear, was removed by a syphon. The remainder, after thorough shaking, 
"was poured upon a double filter composed of two pieces of filtering paper of exactly 
equal weight, The bottle was then rinsed with clear water and again emptied upon 
the filter, so as t*< secure all the sediment. After becoming quite dry, (he two papers 
were separated and placed — one containing all the sediment of the 600 grammes of 
river-water, and the other perfectly pure — in opposite sides of a very delicate balance 
(correct to a milligramme). The dillcrence of weight, which was, of course, the exact 
weight of the sediment, was then accurately ascertained. 

These elaborate measurements were begun on February 17, 1851, and continued 
fiity-tWO weeks. During the next year it was not deemed necessary to make the 
operation so laborious, since the ratio between the sediment contained in the water 
at any one of the positions, and that contained in the whole river, might fairly be 
considered to be determined by the first year's observations. For the second year, 
therefore, onlv one sample daily was obtained. It was taken from the surface at the 
position 300 feet from the east bank. 

The following table exhibits the results of these two years' measurements at Carroll- 
ton. The figures denote the number of grammes of dry sediment con- ^ ^ results. 
tained in GOO grammes of river- water. The observations of the first 
year are represented by a diagram upon plate XII. 
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Sediment contained in Miwiwlppi wafer at Carroll tun. 



Number of wmk. 



■M in February ... 
4tli 

1st in March 

1M 

8d 

4lh 

1st in April-..., 

2d 

■at. 

!»l iu Mny 

24 

■n\\ 

5th 

IsL in June 

2-1 
■■1.1 
4th 

1st in July 

2d "' .. 

3d 

4ih ■' 

I si in \ '■■:■ ' 

2d 
8d 
4th " 

.-.111 

1st in Sp]>tPiri1ior., 

lid 

8d 

■tlh 

1st in Oelnher 

2d " 

iid " 

4ih 

1st in Novt'juliiT. 

Lid 

3d 

4ih « 

:.ih 

1st in December*. 



First yu»r, lli51-5a 



First [lusiriiiii. 



-i.j i'.,.'. . 



3d 

Mi 
1st 



in January , 



3d 

till 
5lh 

I si ill I' 'tdiriltin ... 
2d •• ' 



Toml. 



Oram . 
0,820 
0.606 
0.62 J 
0.893 
0.294 
0.228 
H. ill 
0.158 
ip. |!tn 
0.285 
0.210 
9.188 
0.160 
0.130 
it. 117 
<i. :'.['. 

D.46B 
0,917 
0,498 

0.4D7 
0,422 
[1,601 
0.1113 
0,530 
0,817 
0.612 
II. 052 

0.458 

11. 123 
0.810 
0.292 
0.188 

0,187 

D.120 

0.100 
0.068 

Q.090 
II.12H 
o. m 5 
0.117 
11. II HI 
1 1. '.'i 1 1 
0.1(58 
0,234 
0.100 
11. I'lii 
0,144 
0.470 
0.471 
0,137 
0.079 
ii.iin2 

15.802 



M1.I- 
■ 3 ■ - j ■ C I ■ . 

Griim. 
0.200 
0.658 
11,581) 
0.406 
o.;i;iT 
0.207 
0,287 
0.2H1 
O.IOO 
1 1. _:-"■! 1 
0,259 
0.210 
0.177 
0.1 17 
0.189 
0.H17 
I (J.B07 
I 0.960 
0.670 
; 0.456 
.. 0.402 
0.512 
0.088 
0.587 
0.078 
o.i;2n 

0.71U 
0.500 
0.500 
0.460 
0.805 
0.268 
0. IH7 
0.169 
0,182 
0.006 
it. 1 in 
0.1ft! 
0.180 
0.162 
0.1117 
0.204 
0.2:t.'i 
0.294 

1 0,215 
0.207 
0,108 
0.588 
0,53! 

j 0.21H 
0,106 
o. 1 16 



li'.H -In. 



Gram. 
0,800 
0.871 
0,548 
0.898 
0.328 
0.260 
0.24.'i 
0.205 
0.1 05 
0.272 

0.280 
0.206 
0.183 

0.141 
0.132 
0.1H7 
0.610 

o, I'll 1 
0.557 
0, |.v.« 
0.511 
0.670 
0.648 
0.R21 
0.11**7 
0.B87 
0,738 
0.572 
0.585 
n. HI 
0.418 
0.810 
11.220 
0.17O 
0.188 
0.100 
0.127 
0,162 
0.141 
11. HI-". 
0.119 
0.222 
0.240 
0.295 
0.249 
0.190 
0.196 
0.535 
0.010 
0.115 

I Ml 1 .!'.. 

0.11s 



Swond ]»»ittbii. 



Tli inl [i—iti.-n 



si.ilh. .-. 



Oram, 
I 0.810 
1 0.551 

ti..iT'i 
I 0.878 
0.350 
0.288 
0.236 
11.102 
1 '. i hi; 
0.265 
0.2O8 
0.109 
0,188 
11. 1 49 
0.1 in 
0.305 
«'.177 
11 781 
0.528 
0.896 
1 0,441 
0.628 
0,(112 
O.H27 

I 0.638 

0,440 
0.588 
0.452 
0.893 

0.277 
0.214 
0.178 

0.125 
0.10B 
0,097 

0.054 
11. mo 
o.i if. 
0.100 
0.117 
0. urn 
0.180 
0.197 
11.207 
o. 1 tin 
0.100 
0.135 
0.450 
0.410 
o.l 01 

II.IIHI 
O.IIN1 

- 



Mill 

(l.-|illi. 

dram. 
I 0.805 
0.028 
0.1117 
0,480 
0.859 
0.810 
0.258 
0.211 
0.191 
0,308 
0.253 
0.225 
0.188 
0.142 
0.184 
0.415 
0,615 
0.081 
0.507 
0.467 
0.610 
0.570 
0,tl72 
0.080 
0.71M 

0.7 IN 

0.7*0 
0.590 
0.584 
0.485 

0. YZ-- 

o.:;i7 

0,215 
0.198 
1 4H 
0.115 
0.148 
0.1117 
0.151 
0.187 
0.182 
0.225 
0.251 
0.888 
0.2U5 
0.2IIO 
0.210 
11.51 ;o 

1 1. 56 [ 
1 1. •.■in. 
0.100 
O.I15 



Hi lit 1 Mil. SlirfiKW, 






17,880 i". 156 



(i ram. 

0.820 
0,058 

ll.ll-.5S 
11.504 
0.85" 
0,810 
I 0,270 
0,225 
11.21 I 
0.300 
0.2.32 
1 1.252 

0.184 
0,160 

0.150 
0.410 
0.517 
1.106 
: 0.1101 
0.482 
0.486 
0,582 
0.1175 
0.687 

0.72* 

0.702 

O.N l'.l 
0.698 
0.502 
0,535 
o,.]i,n 
o.:14n 
0,285 
0.220 
0.159 
0.111; 
0.140 

; o.i7« 

0,148 

0.1 tin 
0.186 

0.212 
0.2H7 
0.845 
0.2 15 
o.l on 
0.215 
0.55U 
0.571 
0.201 
0.101 

0.105 



Oram. 
0.31N 
0.640 
0,568 

O.IIH 
O.2H0 
11.255 
O.2I0 
0.215 
11.172 
n .2-. I 
0.223 
0.181 
0.144 

0.0!).". 

O.lOS 
0.285 
0,86a 
0.688 
0.127 
0.402 
0.390 
0.475 
O.H74 
11.601 
0.517 
0.SO1 
0.4110 
0.372 

0.250 

0.27:: 
0.283 
1 1, 1 68 
0.990 
0.107 
0.084 
0.061 
11 uhii 
0.111 

a 108 

0.102 
0.110 

0.155 
0.130 
0.200 
0.150 

0.128 

0.130 
11. tun 
0.880 
0.171 
0.907 
0.071 



Hi ,tt mil. 



1N.:*77 ]'i.5:is 



Oram. 
0.818 

, 0.806 
0.771 
0.568 
0.4511 
0.808 
11.273 
0.282 
0.2:17 
0.284 
0.2U2 
0.237 
0.1 78 
n i i.- 
O.1 52 
0.890 
11 157 
l.O-IU 
0.53(1 
0.425 
0.4H7 
0.572 
0.1112 
II.H25 
0.711 
n.741 
0.788 
11, .hi 
0.659 
11.510 
11.511 
0.382 
0.205 
0.28 ■ 
0.1 05 
0.130 
0. 1 75 
0.207 
0.2 IN 
0,202 
! 0.151 
1 11, 1 no 

1 0,320 
0.340 

0,2110 

0.200 
0.248 

0,11115 
0.643 

0.221 

0,111;.", 
o.oot 



!5<'C<lllil yw.r, IHSJ-OS. 



Viral ihjflltUiu. 



-rail"- 



Gram. 
0.2!»7 
0.715 
0.680 
0.4K2 
0.481 
0.548 
0.428 
m,;{7ii 
0.320 
0.840 

0.5! II I 

0.(10 
0,465 
O.I02 
0,877 
0.304 
0.442 
; 0.147 
0.462 
0,699 
0,084 
0.604 



0.590 



0.470 
a 490 

O.H32 
O..HIIII 
< 1. 21 15 
0.1 '.til 
0,112 
0. 1 52 
0.101) 
0.170 
O.O02 
0.071 
0.0s I 
o. Ill 
0.068 

0.068 

0.225 

0.402 

0.800 

0.315 

0.825 

0.842 

o._ . 

0.508 

0.520 

0.370 

0,882 

0. :u IN 

0.234 



18.846 20.O7O 



. 



I'.'.lim 



Mi.l- 

.li'lilh. 



m.tt.tiii. 



1 
Gram. Gram. 



THE MISSISSIPPI RIVER BELOW THE MISSOURI. 139 

This table is fruitful in results. It establishes that the Mississippi water is not 
charged to its maximum capacity with sediment; because the distribu- 
tion of the material is different from that which must have place were Mississippi 

W Jl t G t" U D cl e r* 

this the case. Dupuit demonstrates (Chapter V, i; Etudes Theoriques et charged with 
Pratiques but le Mouvement dea Eaux Courantes") that the power of sediment. Im- 
suspension is due to the fact that the different layers of water are actuated ca i deduction, 
by different velocities, and thus exert di Heron t pressures upon the differ- 
ent sides of the suspended atoms. Hence, the greater the difference in the velocity of 
consecutive layers, the greater will be the power of suspension. Now it is conclusively 
proved in Chapter IV that the change of velocity from layer to layer is, in horizontal 
planes, the greatest near the banks, and the least near the thread of the current; and 
in vertical planes parallel to the current, the greatest near the bottom and surface, and 
the least at a point about 0.3 of the depth below the surface, where the absolute velocity 
has its maximum value. If then, the water be either charged to its maximum capacity 
or overcharged with sediment, we must find the greatest amount near the banks and 
near the surface and bottom, and the least amount near the thread of the current and 
near the layer 0.3 of the depth below the surface. If the water be undercharged, on 
the contrary, the distribution of sediment wilt follow no law, the amount at any point 
being fixed by the accidental circumstances of whirls, boils, etc., although, of course, 
there will be an accumulation of the material near the bottom, where the suspending 
power is very much greater than elsewhere. Bearing these well-established principles 
in mind, an inspection of the preceding table must convince any one that the Missis- 
sippi water is undercharged with sediment, even in the low-water stage. A most 
important practical deduction may be drawn from this fact, namely, the error of the 
popular idea that a slight artificial retardation of the current, that caused by a cre- 
vasse, for instance, must produce a deposit in the channel of the river below it. The 
error of this theory is fully exposed in Chapter VI, where the subject is so thoroughly 
discussed that it does not require notice here. 

This table also shows that, for the year 1851-52, the river-water (mean of the 

three positions) contained the greatest amount of sediment in the third . 

I ' , . ,° ».,, ... , , ,, ,. Maximum and 

week of Juno, when the weight ol this matter constituted liU[ ol Hie mirumum 

weight, of the river-water; that the minimum amount was found in the amounts of sedi- 
fourth week of October, when the above fraction was only ^; and that 
the mean value for the year was ~^, 

The observations of the second year show what caution should be observed in 
attempting to generalize upon the proportion of sediment contained in ^ lg52 

the Mississippi water, even when the observations extend over lung 
periods. If it be allowable to assume the same ratio to exist as in 1851-52, lietween the 
amount of sediment in the eutire river and that at the surface of the first division, we 

j lflVL1 i;, r fch e maximum, minimum, and mean proportions of sediment to water, by 

weight, during the second year — the fractions :i \. (fourth week of April), g^ (third 
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week of November), and ~~|; which differ materially from the above values for the 
previous year.* 

Re fu re drawing any general conclusion, therefore, as to the amount 
Further data f .sedimentary matter annually discharged by the Mississippi into the 
subject, S l df, it is well to examine all other data upon the subject. The obser- 

vations of this Survey at Columbus ID 1858 are the first in order. 
These observations wore undertaken voluntarily by Mr. Fitlebrown's assistant, Mr. 
Webster, and continued until he left the party, in June. From that 
Observations of date they were made by Mr. Fillebrown. These observations are espe- 
Columbus. y a cially interesting in one respect. They demonstrate that the Mississippi 
and the Ohio waters do not mingle until alter passing Columbus, which 
is fully 20 miles below the junction of these rivers. Where the waters do become com- 
pletely blended is not known, but they are very distinct at Columbus, as the following 
table shows. 

The method of observing differed from that adopted at Carroll ton. Mr, Webster 

took daily one "measure" of Ohio and one of Mississippi water at points 

Details of these u i KJU t midway between the banks and the dividing line, which could be 

QD&6T VHCIOIIS. 

distinguished by the eye, Mr. Fillebrown took two " measures" of each, 
one near the shore, and the other near the dividing line. Prior to May 1st, the "mea- 
sure" contained 64 cubic inches. Subsequent to that date, one was used containing 70.5 
cubic inches. Surface water only was collected. The samples of the two waters were 
filtered separately every day with great care, and the weight of the sediment contained 
in each was determined. The results are presented in the following table. To avoid 
the confusion arising from different amounts of water being collected at different dates, 
the table has been modified so as to exhibit in all cases the number of grains Troy of sedi- 
ment contained in one cubic foot of water, The column headed "mean of river" lias 
been computed by multiplying the numerical mean of the other two columns by 1.2, 
the ratio between the surface and the true mean at all depths, derived from the Carroll- 
ton observations. 



* Specimens of the characteristic varieties of the sedimentary mutter taken fro in tin; river at Carrol] ton m 1851 
liavi: lii't'ii placet] in the baniln of Mr. de Pourtales, of the U. H, (_'<j:i>t Survey, fur uiieroseopic mid ehomical examina- 
tion* The same disposition has been math' of dniraeteristie Specimens, of the hod and haulm of the river, and of tlio 
surface of the bar of the Southwest pass, and of portions of the alluvial lauds. 
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To represent these "mcan-of-rivcr" results properly, they have been plotted on a 

large scale and interpolations made for lacking days. The mean weekly 

represent them, Hinount of Sediment per cubic foot of water thus calculated (table in 

Chapter VT) is shown on plate XIII. This curve confirms the inference 

drawn from the Carroll ton work, that no artificial diminution of the high water of the 

river can produce a deposit in the channel. 

From the above table, it can readily be computed that the maximum, the minimum, 

and the grand mean proportions, by weight, of the sediment to the 

Resulting river-water (considering 1 cubic foot of this water to weigh 43(5,24 7 

maximum and _, ' ° . - ,, , , ,. ,, 

minimum grains Troy) are ,{„. ,,',„ and -V;, respectively; the date oi the 

proportions of maximum proportion being the third week in -Inly, and of the mini- 
mftter 01 * 17 imun lllL ' lllird W©e* in October, This result, when compared with 

those deduced from the Carroll ton observations, indicates the variable 
nature of these ratios. 

These three results will now be compared with those obtained by former observers. 

_ _ . i A ereat difficulty is encountered at the outset. It has sometimes been 

Defect m some ' . . , , _, 

former measure- the custom to measure not tbe wtiylit a) mlimoif m a given weight or 

ments of this volume of water, but the vdwne of sediment in a given volume of water, 

t'}'\'i't"if\t'y . - 

This method is considered to be objectionable, inasmuch as the volume of 

the sediment depends upon its density, which may vary with the manner of deposition. 

A series of experiments was made (o test this question. 

Professor Forshey was provided with a glass tube of uniform bore, 29 inches long 

and I inch in diameter. Into this, fixed permanently in a vertical 
Test measure- . . . , , , ' •L „ t , . 

ments to deter- position, he poured b grammes oi river-water from each oi the eight 

mine the density | )n ttlcs collected dm I v during the year 1851-52. This water was iu- 
of sediment arti- , , , , ,, ,, : . , ., . ,, , , 

ficiaily deposited troduced near tlie bottom oi the tube by a second lunuel-montbeil tube, 

in the usual which, being smaller than the first, could readily lie inserted. The 

main tube contained about four days' collections, and the water near the 
top thus had time to become perfectly clear before it was forced out by new contribu- 
tions. At the end of the year he thus secured tbe sediment from 14,976 grammes of 
river-water, whirb, with the diameter of his tube, would have made a. column about 
ISO iect in height. 

The following extract from his manuscript report contains interesting 
Observed i , ;1 

phenomena. details:— 

u A severe frost in January froze the water and cracked the tube, 
but it lost only some clear water near the top. The mud in the bottom was curdled 
into rolls and no longer lay compactly. It was 2.5 inches to the top of the curdled 
mass. 

"Fungi grew in the water and along the walls of the tube during the summer, but 
decayed and disappeared in the winter. 

u Leaving the tube full of the laet water contributed. 1 reached with a small wire and 
sponge the mass of alluvium, and stirred it completely, and then washed down the 
walls of the tube and left it to settle. At the end of three months the height of the 
alluvial column was 2 inches, 

"I found by inserting a wire that one inch was tolerably solid alluvium, while (he 
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other was soft, blackish slime, probably decayed fungi and algae and other carbonaceous 
matters. 

" I then left the cork out, and, in the course of a year, the entire column of water, 
say 15 inches, up to the crack made by the l'rust in the tube, bad evaporated, and left 
a mass of blackish matter, contracted so as to leave the walls on all sides near 1J 
inches high." 

lie proceeds to state that this deposit was 1 inch in height solid 
matter, and hence that the volume of the deposit was jJ^ of the volume An ^t" S ° f 

of the turbid water. 

This result demonstrates that the specific gravity of this solid matter was much less 
than that of the ordinary depositions of the Mississippi, or, in other words, that the 
conditions under which the deposit was made a fleeted its density, as it had been 
suspected would be the case. This is evident from the following considerations. 

The river-water placed in the tube was taken from the identical collection, of which 
sedimentary matter was shown to constitute j~ part, by weight. This matter, as 
deposited in the tube, constituted -~ part, by volume. Its specific gravity was, then, 
-- 1 - = 1.23.* The specific gravity of common earth is usually considered to be 1.5; that 
of sand, 1.8; that of clay, 1.03. Professor Forshey found the specific gravity of three 
samples of the bank of the river, at Cavrollton, to be 1.91, 1.9S, and 1 .90. Two 
samples of the deposit made by the Mississippi, upon the hank opposite Vicksburg, in 
the Hood of 1S5S, gave 1.92 and 1.93, respectively, for this quantity. (At the gulf the 
material deposited is still more dense. Thus, of samples collected by this Survey at the 
month of the Southwest pass, in 20 feet water inside the bar, on the bar. and in 30 and 
40 feet water outside the bar, the specific gravity was uniformly 2.6.. In 20 feet water 
mitside the bar, it was 2.S.) It is evident, then, that the density of the solid in Pro- 
fessor Forshey's tube was materially less than if it had been deposited naturally upon 
the river bank. 

The error of noting only the volume of the sediment is then demon- Eewlti proof 

strated, since the result, being dependent upon the peculiar manipula- f the error in 

dons adopted hv the observer, is not determinate. Discrepancies in an old method 
• , , , , -11111°* observing, 

measurements, when only the volume has been considered, should 

therefore Ik- expected. 

Measurement wpos tfte MUsissippi fy/ o//nt prirtics. — Mr. Meade and Mr. Sidell, 
assistants of Captain Taleott in his survey of the mouths of the Missis- Formermeagure . 
sippi, in 183S, measured the amount of sedimentary matter contained in me nts of the 
the water. The former, from observations made in April and Miiy, ^j^ontained 
considers the quantity to be the j: ^ >(1 part, by weight. The latter in Mississippi 
. |( | l)n ts _JL_ for this ratio. Further details of these observations are water. Captain 
presented in Appendix A of this report. 

The only experiments which arc known to have been published are those of Profes- 
sor J. L. Riddel!, published in 1840, in De Bow's Commercial Review; those of Mr. Andrew 
Brown, published in the proceedings of the American Association for the Advancement 
of Science for the year 1 8 1 8 ; those of Lieutenant R. A. Marr, U. S. N., published in the 



Professor Forshey did not check this determination bj actual nuiiwureniuiit. 
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proceedings of the same association fur the year 1840; mid those of the same officer, 
published in 1853 in the Washington Astronomical Observations, vol. 111. These laljors 
■will be noticed in turn. 

Professor Kiddell's first experiments upon the amount of sediment contained in 
Mississippi wnlcr are reported in a letter addressed to SirCharles Lvell, 
soi°Ridden r ° 6S ' im March &, 1840. The following is au extract from this letter: — 

"In July, 18-1 -3, I made some careful experiments to determine the 
amount of sedimentary matter in the Mississippi water, which then possessed about an 
average degree of turbid ness. For each experiment I used near a pint of water, 4*5,85 
grammes (Fr.) actual weight. The sediment was allowed near ten days for natural 
subsidence; it was then carefully collected, allowed to dry spontaneously, and when 
effectually dry was carefully weighed. 

^ •* * ° BMftncnt In Ititlli. by w"i K lit 

grWunw. to llif wbnlu, 

No. 1. — Procured from opposite rtimilolpJi, by Dr. Drulst?, >» Jiini*, JS-Ut ". I 1 ' l-Il'.ll) 

\,i. H.— Opposite CarllutjEo. iu JniK>. I>r. Drake... ,,:;s I-I2S0 

No. 3, — opposite New Orli-jius, June, Ur, Drake -■ ' ;; '"' 1-1350 

No. 4,— Opposite Sew Ottonns, Julj (ill., 18*8......... lr,K> I I i:mi 

"Average ratio of dry sedimentary matter in numbers 1, 2. 3. ■(, to the weight of 

water and sediment, = near 1-1245." Ho adds that by volume, the ratio is near ~p 

Professor Riddell's second experiments were made when a member of a committee 

appointed by the Association of American Geologists and Naturalists to 
Second series. . , ., .. ... , ,, ... . . 

ascertain the amount ol sediment earned into the sea by the .Mississippi 

river. His report was read at the meeting of this body iu 1840. The following 

extracts sufficiently explain his labors: — 

M The following table embraces the results of experiments upon Mississippi water, 
taken at intervals of three days, extending from May 21 to August 13, 1846. Tin- 
water was drawn up in a pail from a wharf near the mint, where there is considerable 
current. Its temperature was observed at the time, and the height of the river de- 
termined. Some minutes afterward the pail of water was agitated, and two samples of 
one pint each measured out. The glass pint measure was graduated liy weighing into 
it, at 00° Fahr., 7295.581 grains of distilled water, and marking tbe height with a 
diamond. 

''From the pint samples of water, after standing a day or two, most of the matter 
mechanically suspended would subside to the bottom of the containing vessels. Near 
two-thirds of the clear supernatant liquid was next decanted, while the remaining water, 
along with tbe sediment, was. in each instance, potuvd upon a double filter, the two 
parts of which had been previously adjusted to be of equal weight. The filters were 
numbered and laid aside, and ultimately dried in the sunshine under like circumstances, 
in two parcels, one embracing the experiments from May 21st to July loth; the other 
from July 17th to August 13th. The difference IB weight between the two parte of 
each double filter was then carefully ascertained, and as to the inner filter alone the 
sediment was attached, its excess of weight indicated tbe amount of sediment. I em- 
ployed Mr, John Chandler, a skilful manipulator, to assist me in all these operations. 
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"By repented trials in the first week in July, by direct and careful comparison with 
distilled water, the specific gravity of the filtered river-water was found to be 1.000 25; 
consequently a pint of such water at 00° weighs 7297.4<J4 grains. Thence by weight, 
the ratio of the sediment to the water is as 1 to 1158.8." 

Mr. Brown made a series of measurements between the dates July 1, 1846, and 
June 30, 1S4S, upon the sedimentary matter transported by the Mis- 
sissippi. The following extracts from his printed report exhibit the ^Kwr SwTO 
results of liis labors:— 

li A series of glass vessels of a cylindrical form were procured, to one end of which 
(that being the section of a cylinder) there was attached a tin tube of the same cylin- 
drical diameter as that of the glass vessel to which it was attached; in this tin tube, 
immediately above its junction with the glass cylinder, there was inserted a small brass 
cock, by which the tin tube could be conveniently discharged of its contents at pleasure, 
without causing any disturbance to the contents of the glass vessel below; this attached 
tin tube was in length, above its lower opening, 48 inches. 

"This tube was charged with water from the Mississippi river, and that water 
allowed time to deposit its contents into the glass vessel below; that being accomplished, 
the water was drawn off, and the tube recharged by more water from the river, each 
particular charge bfin<; carefully noted; this process was successively repeated for the 
dtfibrent conditions and stages of the river's height and velocity, which very materially 
iifiected the quantity in suspension. Thus, by a succession of such chargings and dis- 
charging* uf the tin tube, amounting in all to four hundred and eighty-four times, or, in 
the ftfcSiSgate, to a column of water of 11)30 feet, there was deposited a column of sedi- 
ment or solid matter of 40* inches (such column of sediment herein submitted), inclosed 
in three of the respective glass cylinders above named, and in which the same was de- 
posited from the water in the attached tin tube. But this sediment still seems to evince 
some slight disposition for further settlement, and, with a knowledge of its former habits, 
we would sav that it would be unsafe to decide on its final quantity being more than 14 
inches; greater certainty would have been obtained by giving it another year; but, as 

lit 
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the most of it has boon long collected, it cannot now, we think, shrink to less than 44 
inches. Assuming that, therefore, to be the true quantity, and the product of a column 
Of rivor-w;iU'i' of 23,232 inches, it necessarily follows, that Eta II is to 28, 232, so is the 
quantity of solid or sedimentary matter contained in the water to the volume of the 
river; or, in words and figures, the mean proportional quantity of sediment to the ri vei- 
ls as 1 to 528." 

« * * $ * =;: # * * 

"In collecting the test water from which the above 44 inches of sediment was 
obtained, much care was taken to procure it from that part of the current where it was 
sufficiently agitated to prevent, in any measure, a subsidence of such matter as should 
he held in suspension. It was fully decided, after many trials, that there was no sen- 
sible difierouee of quantity contained in any part of the water throughout its whole 
depth, or from the top to the bottom of the river, provided it was in the main current; 
lor whore agitation was equal and effective, there also the suspension of sedimentary 
mutter was found to lie equal. 

"There can be no question but that much matter in the character of coarse sand 
and gravel is transported by the river current; of the quantity of this your committee 
could have no possible opportunity of estimating the value, or oven ascertaining its 
existence, only that the many sand and gravel bars visible at low-water stages of the 
river are composed, to a considerable extent, of such matter, and they arc subject to a, 
perpetual change of position, and consequent tendency of their matter to the river's 
mouth." 

# ■$> ■]■ & # j*: >i: & 

"We found, in the incipient stages id' the depositing process, a very decided want of 
uniformity to take place in the deposition of the sedimentary matter in the glass tube, 
which, in place of settling level, was. on the contrary, found to be settling in such a 
manner as to give it a. wry inclined upper surface. The canst- of this unexpected 
peculiarity was inquired into, and at once suspected to proceed from the unequal dis- 
tribution or action of light; one side of the tube being more disposed to that influence 
than the other. To verify this conjecture, the tube was turned round in an opposite 
direction to that influence, when ibe low side not only recovered itself, but very soon 
had an inclination upward; and, an often as the turning round was resorted to, the 
same effect was produced; for most sediment would persist in settling on the dark side 
of the tube, that being least agitated by the action of light. To render the cause of 
this phenomenon a fact no Longer to be doubted, a slip of black paper was procured, in 
width about half the circumference of the class cylinder, and to one side of which it 
was applied in order to exclude the light from that side, while it had free access to the 
other; the result was as anticipated, for it caused a. very much increased deposit on the 
sides shaded by the paper. 

"Tins variation, or inclined settling, progressively decreased as the lighter part of 
the tube, through which the particles had to fall, became shortened by its filling up 
with sediment." 

These Interesting observations as to the eflect of light upon the deposition of sedi- 
ment are. certainly confirmatory of the conclusion already arrived at — that the density 
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of tlie deposit from the sune sample of river-water may vary materially, according 
to the circumstances under which it is deposited. 

Lieutenant Mart's first sediment observations were continued dur- 
ing the mouths of April, May, and June, and a part of July, 1841), He Jfenant Marr.*" 
thus reports the results: — 

"The quantity of silt has been ascertained by daily placing a known quantity of 
rtver-water in a box, drawing off the water as it becomes clear, and weighing (when 
dried ) the earth thus deposited. The average quantity of earth contained in 100 cubic 
feet of river-water is twelve and seven-tenths pounds." 

The fraction representing the proportion, by weight, of the sediment to the water is 
^r^-. This is certainly too large lor a true yearly mean, on account of the turbid rise 
in the Missouri, which always occurs about this date. In 1850 the value for these 
months at Columbus was ,..',.,., while for the whole period of the observations, it was 
only ,'.,--. Had not a very unusual Hood of comparatively pure water from the Ohio 
occurred, the difference between these fractions would have been much greater. (See 
preceding table of sediment at Columbus.) 

Lieutenant Marr's second series of observations upon Mississippi sediment were 

continued from March 1, 1S50, to March 1, 1851. The following 

, . .... , . Second scries, 

extract from Ins report explains las method of taking them: — 

"A quantity of water has been daily obtained from the middle of the surface of the 
river, and two quarts of it placed in a barrel to settle, in bulk, the sediment thus 
obtained has been found to be in proportion to the water by which it was deposited as 
1 to '2'JoO." 

The preceding observations are all that have been collected from which the 
proportion of sediment contained in Mississippi water may be deter- observations 

mined. The following facts relative to European rivers are of value as upon other 

i ■ ri VGrs 

allbrding a means ol comparison. 

Mta&w&m&rtfA upon European and other riven. — In the report of M. A. Kurell upon 
the Improvement of the Mouths of the Rhone, it is stated that from the 
experiments made by a commission at Lyons in 1844, the quantity of 
earthy matter held in suspension by the Rhone at that point was, by weight, n ~^. 
From similar experiments made at Aries, the head of tho delta of the Rhone, dur- 
ing four months in 1S0S and 1809, by Messrs. Gorsse and Subours, the quantity of 
sedimentary matter held by the Rhone at that place was, by weight, ^-- in the low 
stage of the river, and T ^ for the maximum in the tloods, and ^ iu the mean condi - 
tion of the river. According to M. Surell's own researches, the quantity of earthy 
matter suspended by the waters of the Rhone, in its course through the delta, increases 
from the surface to the bottom, the proportions between the two being as 100 to 188. 

In certain circumstances (not mentioned) the proportionate quantity of earthy 
matter is not the same from the head of the delta to the mouths of the river. 

The greatest tloods do not contain the greatest quantities of earthy matter; the 
maximums observed in several periods corresponded to a mean stage of the river. 

The greatest quantity ever observed was, by weight, ^. It was found when the 
river was two-thirds up with a mean velocity of probably about 8 feet per second. 

The mean was, by weight, .^' -, which, he states, should be regarded as a minimum. 
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The Ehine. 



The Chevalier Lombardim, hi his papers apon the Po, uses j£j for the proportion 

by volume of earthy matter held in suspension by the Po; the deter- 
mination of this proportion lie credits to Tadini. 
M. Spittel states that in the Vistula the quantity of .sedimentary matter is greatest 
just after the passage of the ice, when it is ; l H by volume, the mean 

IMP: V istii In 

Velocity being about If I feet per second. It is stated that the velocity 
in the thread of the current, at the height of the Hood, is 20 feei per second in that part 
of the river just above the point of separation of the Nognt. Experiments to determine 
the mean amount have not been made — at least not published. 

The sedimentary matter carried by the Rhine in Holland during 
the ilood, according to Hartsoeker, is by volume jj^. 
According to experiments made by M. Leonard Homer at Bonn, the Rhine at that 
place, more than 100 miles above the head of the delta, carries T -^j of its volume of 
sedimentary matter. 

Mr. Everest, who made a series of experiments upon the Ganges at Glnuipur, Ben- 
gal, found that the mean annual proportion of sedimentary matter 
transported by that river was about t-'- by weight, or Ui ', ; by volume, 
of that of the water. In the four flood months these numbers were jJ- e - and 
respectively. 

Summary of remits. — For convenience of reference, the different residts above men- 
tioned are recapitulated in the following table, the denominator of the fraction whose 
numerator is unity being given. 



The Ganges. 



tiafl 



Proportion of stdhiunt lit. rircr-wulrr. 



ItlSlT. 


Aulliuiilj'. 


\\ *ut h* .«*llim'nl. 


Alauurf iiiuutu niwlu. 


!1) Wtlfllt. ' Hy bulk. 


Mississippi M Ciirrolllim 




1,806 8, 1 ■:■"-■ 
1,449 ! -.. 
1 :j*'i •' '■ni« 


For 12 months, l&ft£-S£ 
Kur CJ im.nllis, LS52-63, 
l'\iv S iiioiiilix, 1868. 
For 2 nwullis, 1K3S. 
IHHH, 

For 14 dny*, summer t&43. 
fur Sfi tUv's, Hummer 1 Hit?. 
\i irregular dales, IS-l'i— 18. 
Fur 8.6 tloodmt'iidiH, 1840. 
Fur 12 muni lis, lHOO-51, 
[844. 
Fur 1 mum lis, IXUS-'J. 

For [2 roonlha. 








Mr. Mea.ie * 

Mr. SidelJ 


1,250 
1,724 
[,245 

1 , 1 5,"i 


2,886* 

k.JTi;" 

■_■,...-..: 
.linn 


" Memphis 








Lieuiuimnl Mhit 


jv.h: 

17,000 

2,600 


1,182* 
2,960 

300 




M.Surell 


" in ilcltii. 

P° •■ ■ ■ 

linages 


MM, Garata and Snbuurs...... 


M.Surell 




510 


1,02! 



c , . A comparison of these different results leads to the belief that, no 

respecting pro- material error will result from assuming that the sediment of the Mis- 
menta? ° matter 8i *"l»pi is to tlR * watur » b .V weight, nearly as 1 to 15(10, and by bulk, 
nearly as 1 to 2900; provided long periods of time he considered. 



* Computed by assuming the specific (frtivily to be l.'J, winch, us already shown, is nearly that of the natural 
deports ol' I lie Mississippi river. 
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If this be so, and if the mean annual discharge of the Mississippi be correctly 

assumed at 19 500 000 000 000 cubic feet, it follows that 812 GOO 000 000 . 

Annual amount 
pounds of sedimentary matter, constituting one square mile of deposit transported to 

241 feet in depth, are yearly transported in a state of suspension into the S"^ 
the gulf. 

When the Mississippi swamp lands are securely protected against overflow, the 
earthy matter, which, in their original condition, was annually deposited upon them, 
will he carried to the gulf, and the yearly depositions in it will he thus increased. 
The amount of this increase can be approximately estimated by the aid of certain 
numbers deduced in a subsequent part of this report. Thus, the discharge into any 
one of the great swamps, the Yazoo for example, during the mean annual flood, may bo 
taken at 100,000 cubic feet per second during a period of one month. As there are 
four of these great swamps, a simple calculation gives for the additional amount of 
sedimentary matter that will he carried to the gulf, one-eighteenth of that transported 
to it he fore the construe! ion oi' levees. 

Besides the amount held in suspension, the Mississippi pushes along 
into the gulf large quantities of earthy matter. !j53£Kl 

The well-known feet that rivers in their upper courses transport rolling- along 
gravel and sand, and the experiments of Dubuat upon the velocities till river" 1 ° f 
required to move various materials composing the beds of rivers, and 
the rate at which fine sand was pushed along the bed of the river Haync, together 
with some experiments by Mr. George G. Meade, now Captain Topographical Engi- 
neers on the bar of the Southwest pass in 1838, to ascertain the nature of the earthy 
matter suspended by the river near the bottom, led to the attempt in 1851 to ascertain 
by experiment whether any material was pushed along the bottom of the Mississippi in 
its lower trunk, and what the nature of that material was. The first experiment was 
made near the mouth of Red river, and the facts elicited by it induced the direction to 
the Carroll ton party to include these experiments in its regular duty, and, subse- 
quently, to comprise this subject among those to be investigated at the mouth of the 
river. ' A keg similar to that used in collecting water below the surface was sunk to 
tlie hot torn of the river. The current immediately overturned it, and the valves 
opening allowed the water to pass freely through. After remaining a few minutes it 
was drawn suddenly up, and was invariahly found to contain material such as gravel, 
sand, and earthy matter. These experiments were made at various stations from Red- 
river landing to Carroll ton. At Ked-river landing the material was chieily small 
gravel and coarse sand. At Morganza coarse sand and small balls of blue clay. At 
Fausse Riviere (Waterloo) coarse sand. At Carroll ton these experiments were fre- 
quently repeated at all stages of the river, and always with the same result, chieily 
sand and earthy matter being collected. 

No exact measurement of the amount of the annual contributions to the gulf from 
this source can be made, but from the yearly rate of progress of the bars into the gulf 
(see Chapter Villi, it appears to be about 7o0.000,000 cubic feet, which would cover 
a square mile about 27 feet deep. 
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Total annual The total yearly contributions from the river to the gulf amount 

SflJrfJjJ" then to a prism 208 feet in height, with a base of one square mile. 
to the gulf. To determine the age of the delta from Mich data, the extent of the 

area upon which the sedimentary matter is deposited, ami the depth 
below the surface of tliu former bottom of the irulf, must be known. Neither has been 
ascertained with suttieient accuracy to make the computation, of any value, 

TKMFEIUTTRE. 

Measurements to ascertain the relative temperature (Fahr.) of the air and water 
were, conducted daily for two years at Carrollton. The air temperature 
Measurements. ^ ^ determined by taking a mean of observations made at a.m., 
'A p.m., and p.m., which very nearly represents the mean for the twenty-four hours. 



Air and wafer temperature at fur roll ton. 



May 



:M in rVfininry 

4th 

I si in March... 
2d 

ad 

4th 

I si hi April ... 
2d 

:u 
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1st 

2d 

Hd 

l:li 

r.ili 

l«t in 

■.:.] 

U 

4ih 

I, hi in July,. 

u 

lid 
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1st in August., 

ad 
u 



Juno. 



\stil. 
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63 

66 

m 
m 

69 

70 

lit) 
m 

72 
71 
si 
70 
7H 
7'.i 

Kl 

77 

7'.t 
si 
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Hi 
HI 

K-l 
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s:; 



44 
4! 
4 S 
48 

.".1 
:,.; 
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04 
<;.; 

03 

(14 
(i7 
72 

7H 
7!l 
70 
70 

7* 
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SI I 
Si) 

si 

S3 

S2 
M 



ISM. 
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62 

66 

OS 
65 

.->; 
71 
66 
'17 
65 
1;:, 
71 
72 
7<; 

7H 

7-; 

7S 
77 
si 

H'J 
B'i 
BS 

70 

so 
S4 

BS 
70 



44 

I.'. 
1^ 
•Ml 
.",1 

:,l 
65 

■17 

5A 
66 
68 

n] 

.;', 
,.^ 
72 
71 
7'. 
77 
70 
SI I 
si 

BS 

84 
86 
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1*1 
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3d 
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1,1 

2d 

3d 
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2d 

..I 
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Otti 

1-1 

•Jil 

;:.! 

4ib 

Ut 

2<L 

8d 

iii. 

.".(i, 

1st 

2d 



iii August.... 

in September 
if 

.. 

In October... 

11 

in N'uVt'iiilier. 

§4 
ii 

in December.. 

M 

4. 

in January.... 
in February.. 



si 
80 
SI 
7S 
7« 
7il 
75 
7i> 
82 
i;i 
68 
53 
62 

rm 

:.l 
60 

1 ',11 

41 

68 
M 

-17 
3!l 
81 

m 

- 

52 



85 

s:t 
82 
82 

sj 

SI 

7H 



HO 
65 
<12 
69 
67 
54 
61 
48 
45 
43 
44 
40 
42 
81 
86 

,<IH 

18 
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Air. 



82 
S2 
hi I 
7H 
7H 

hi) 
77 
76 
72 
74 
68 
70 
IV2 
68 
60 
hi 
60 
ill 
(17 
r,l 
66 
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•10 
'.2 
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Water. 





SI 
84 

83 
Si! 
82 
8) 
70 
78 
7. r i 
78 
70 
us 
61 
66 
r,l 

10 

is 
is 
10 
is 
411 
46 
18 

|:: 
44 
i:i 



From this table it appears that the mean annual temperature of the river-water for 
the Hist and second years was 63.9° and 04.3° Fahr., the corresponding 
air temperatures being U7.G C and Oi>.S°. That is. the mean tempera- 
ture of the river-water at this point, of its course is about 1.5 degrees colder than that 
of the atmosphere. To illustrate the relative changes of temperature in air ami water 
at different seasons of the year, a small diagram has been added to plate XII. The 
curves represent the mean of the two years' observationa given in the above table. 
They show that the changes of temperature in the water are much more uniform and 
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gradual than the corresponding changes in the atmosphere, and also that they occur 
later. The water is w firmest in the latter part of August, and coldest in the latter 
part of January, the difference between these extremes of mean weekly temperature 
being 46 degrees. The corresponding difference in air temperature is only about 40 
degrees, the mean weekly temperature of the water reaching greater extremes, both of 
heat and of cold, than that of the air. 

These observations being rather of scientific interest than of practical value, were 
not repeated when field work was resumed in 1857, lest they might 
interfere with more important duties. A similar series was conducted, Lieut Marr's 
however, by Lieutenant Mnrr, U. S. N., at Memphis, between March 1, 
1850 and February 28, 1851, with the following results: ''The mean temperature of 
the river is 00.95°; that of the atmosphere, 00,44°. I expected to find the former the 
lower, as the river flows from more northern latitudes. Wolf river, which runs along 
the same parallel of latitude, and enters the Mississippi at this place, has a greater tem- 
perature than the Mississippi. From this it seems that the mean temperature of each 
of these rivers is greater than that of the atmosphere about them. The gradual man- 
ner in which the temperature of the Mississippi river is affected by local changes in the 
temperature of the atmospliere, suggests the idea that it may be regarded as an index 
of the mean temperature of the climates through which the river flows. The difference 
between the temperature of the water at the surface and at the bottom of the river is 
usually so slight as not to be observable with the common thermometer. Occasionally 
I have found a difference of a small fraction of a degree," 

These measurements, in connection with those of this Survey, indicate that the 
mean temperature of the Mississippi water increases 3° Fahrenheit in 
traversing the 750 miles of river channel between Memphis and Carroll- General 

ton. The corresponding difference of mean annual temperature of the 
atmosphere is about 8° Fahrenheit. 

Lf.VKKS. 

It is designed to limit the discussion of this subject in this chapter to the history of 

the mwess of the levees in the Mississippi valley; the present general 

. . ... -j e ii i ■ .i ]■»• i. Scope of the pre- 

organizahons lor ihe maintenance ol the levee system in the diflereitt sen t tU SC uasion. 

States; and, lastly, the dimensions and cost of the existing levees. In 

Chapter VI the subject will be continued, and the dimensions required to effectually 

protect the country, the dangers of the system, etc, will he fully considered. 

History of if»- •progress of the Xmets hi $s Mtemsayytd ml/e//. — As already seen, by far 
the greater ami more lertile portion of the natural banks of the Missis- ^^ system 
sipiii river between Cape Girardeau and the gulf is below the level of coextensive 
the Hoods. Since this condition has existed from a period long anterior with civilization 
tn the discovery of the country, the first object of the settler has always of thfj 0hio< 
been to secure himself from inundation during the high stages of the 
river. Throughout the entire region the levee system has been adopted for this purpose, 
to the exclusion of every other except that of cut-offs, which has been partially tried in 
a very few instances tor local objects. The history of the levees is, therelbre, inti- 
mately connected with that of the settlement of the country. 
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First settle- The* first permanent settlements by Europeans in the valley of the 

ments of the lower Mississippi were made at Natchez and at the present site of New 

Orleans. At Natchez the bluffs were occupied, but at New Orleans 

precautions had to bo at once taken to protect the colony from inundation. 

According to Dumont, De la Tour, the engineer who laid out the city of New Orleans 

• ,„,„ i* 1 I T 1. T . directed "a dyke or levee to be raised in front, the more eflec- 
Levees in 1717. ., , • ., _ „ .. . , . . , 

tmuly to preserve the city lrom overflow. Although this work was so 

early contemplated, it was not completed until November, 1727, when Governor Perrier 

announced that the New Orleans levee was finished, it being 5400 feet in length, and 18 

feet wide on the top. lie added that within a year a levee would be constructed for IS 

miles above and below the city, which, though not so strong as that at the city, "would 

answer the purpose of preventing overflows." 

In the mean time, colonists continued to arrive slowly and occupy the land along the 

river banks, so that in 1723. according to Francios Xavier Martin, "the 
In 1723 

only settlements then began below the Natchez were those of Si Heine 

and Madame de Mezieres, a little below Point Coupee — thatof Diron dArtaiaiette,iit Uatoit 
Rouge — that of Paris, near bayou Manehae — that of the Marquis d'Aucouio, below La- 
fourche — that of the Marquis d'Artagnac, at Cannes Bridies — thatof de Mouse, a little 
below, and a plantation of throe brothers of the name of Chauviu, lately from Canada, 
at the Tchapitoiilas." 

In 1728 Dumont says there were five colonies <; extending for 30 miles above New 

t i«m Orleans, who were obliged to construct levees of earth for their protec- 

ts lTiJo- . „ _. * 

tinm llic expense of constructing these embankments was borne by 

the i dan tors, each building a levee the length of ids river front. 

In 1731 the Mississippi company gave up the colony to the French crown. In 1735 

„ I)u Prat/ states that ''the levees extended from English bend, 12 miles 

below, to 30 miles above and on both sides of tin 1 river." The same 

year, the insufficiency of the works was demonstrated, as "the water was very high, 

and the levee broke in many places," hi- certain thul this difficult) continued to be 

felt, for in 1743, according to Gayarre, •• -,m ordinance was promulgated requiring the 

inhabitants to complete their levees by the 1st of January, 1744, under a penalty of 

forfeiture of their lands to the crown." 

According to Monette, in 1752 the plantations extended "20 miles below, and 30 

T tlrt! - miles above New Orleans," and in that distance "nearly the whole coast 

In 1752. • i ■ i o «.• ■ • i ' , 

was in a high state ol cultivation, and securely protected from Hoods." 

Captain Philip Pitt man, who published a work in 1770. defines the settlements at 
that date as extending only "30 miles above, and 20 miles below New 
Orleans." In other words, [be inhabitants lor twenty years had been devo- 
ting themselves to the cultivation and improvement of those districts already partially 
reclaimed, instead of trying to extend the levees farther along the bank. The wars 
between England and France, the cession by (he latter power of all her territory on the 
Mississippi to Spain in 1703, and the impolitic course pursued by the Spanish governors, 
doubtless contributed to retard the growth of the. colony at that epoch. It also appears 
to have been supposed that the settlements could not" be extended farther down the 
river, "on account of the immense expense attending the levees necessary to protect 



THE MISSISSIPPI RIVER BELOW THE MISSOURI. |.j;j 

the fields from Hie inundations of sea and land floods," which would render it advisable 
to defer the settlement of that section of the country ''until the land shall he raised 
by the accession of soil. v (Francips Xavier Martin.) 

In the year 1800 the territory was ceded hack to France, Napoleon being then First 
Consul. In 1S03 it was ceded to the United States. Its condition may 
he inferred from the following extracts from the Abstract of Documents 
of the State Department and of the Treasury, 1802-5: — 

•■'The principal settlements in Louisiana arc on the Mississippi river, which begins 
to be cultivated about twenty (20) leagues from the sea. Ascending, you see them im- 
prove on each side till you reach the city [New Orleans]. Except on the point just 
below Iberville, the country from New Orleans is settled the whole way." 

•■Above Daton Rouge, at the distance of 50 leagues from New Orleans and on the 
west side of the Mississippi, is Poiate Coupee, a populous and rich settlement, extend- 
ing 8 leagues along the river. Behind it, on an old bed of the river now a lake whose 
outlets are closed up, is the settlement of Fausse Riviere." 

"There is no other settlement tm the Mississippi except the small one called Con- 
cord, opposite Natchez, till you come to the Arkansas river, 250 leagues above New 
Orleans. Here is a small settlement. There is no other settlement from this place to 
New Mad J id." 

"On both banks of this creek [bayou La Fourche] there are settlements one planta- 
tion deep for near 15 leagues." 

"Bayou Phujuemine, 32 leagues above New Orleans, is the principal and swiftest 
communication to the rich and populous settlement of Atacapas and Opclousas." 

Louisiana was admitted to the Federal Union in 1812. Stoddard, in his history of 
Louisiana, published in that year, states : "These banks [levees] extend 
on both sides of the river, from the lowest settlements to Point Coupee 
on one side, and to the neighborhood of Baton Rouge on the other, except where the 
country remains unoccupied." 

"Few settlements are formed on the west bank of the Mississippi between the Red 
and Arkansas rivers. They are thinly scattered along from Red river to the mouth of 
the Yazoo." 

Brackcnridge states: ''From Pointe Coupee to La Fourche, two-thirds of the banks 
are perfectly cleared, and from thence to New Orleans the settlements continue 
without interruption on both sides, and present the appearance of a continued village." 

In 1828 the levees wetv continuous from New Orleans nearly to Red-river landing, 
excepting above Baton Rouge on the left hank, where the blufls rendered ^ lg2g 

them unnecessary. Above Bed river they were in a very disconnected 
and unliuishcd state on the right bank as far as Napoleon. Elsewhere in the alluvial 
region their extent was so limited as to make it unnecessary to mention them. 

In 1844 the levees had been made nearly continuous from New Orleans to Napoleon 
on the right bank, and many isolated levees existed along the lower 
part of the Yazoo front. Above Napoleon, few or none had yet been 
attempted. 

In September, 1850. a great impulse was given to the work of reclaiming the albi- 
no 
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Donation by the vi:il region below the mouth of the Qhig by the Federal Government, 

meifla Sao 6 " 1 " ' vhidl? '*>" i,n ;iet W^ September 28, 1850, granted bo the several 

States :ill swamp and overflowed lands within their limits remaining 
unsold, in order to provide a fund to reclaim the districts liable to inundation. The 
States of Louisiana., Mississippi, Arkansas, and Missouri soon urbanized olliecs ihv (he 
sale of the swamp lands, and appointed commissioners for the location and construction 
of the levees. The systems adopted were generally faulty, and have undergone many 
modifications. Tho.se now in force will he explained under the next subdivision of this 
subject. 

Cftteful examinations and inquiries made by parties of the Delta Survey, in the 

autumn of 18§7 and the winter of 1*08, resulted in the following ex- 
SSrim n ' bit of tfte nduaI <- umlitI,,n Of the levees at that date. Each bank of 

the river will be noticed in lorn. 
Beginning at the head of the alluvial region, on the right bank the inlet between 

Cape Girardeau and Commerce bluffs was closed by a macadamized 
bank! enght road, some 4 feet high, which crossed the low ground about 2.0 miles 

from the river hank. From Commerce bhdls to a Bandy ridge above 
overflow near Dog-tooth bend, the levees were nearly completed. Thence, they were 
finished to a point G miles below Cairo. Here was a gap of 3 miles, but upon laud so 
elevated as to be overflowed only in the highest floods. Next was a strip of high land 
above overflow, 3 miles in extent. Next came S.O miles of completed levee; next 0.6 
of :i mile of high land above overflow. This point is about 5 miles above Hickman. 
Thence to bayou St. John, there was a continuous levee. Thence to Point Pleasant, 
the land is entirely above overflow, Thence to the northern boundary of Arkansas, 
the levees were nearly completed. Between the northern boundary of Arkansas and 

Osceola, there were about 2.5 miles of unfinished levees. In the bend below Osceola 
was a gap, 1.5 miles long. Opposite Island 3-1 was another, 1.0 miles long, Between 
Islands 86 and 37 was another, 2.5 miles long. At foot of Island 37 was another, I 
miles long. At foot of Island 39 was another, 1 miles long. At loot of Island 41 was 
another, 0.3 of a, mile long. Six miles below Memphis was another, 1,6 miles long. In 
Council bend, near Island 03, was another, S miles long. In Walnut bend, near Island 
56, was another, I mile long. The above list includes the whole St. Francis bottom, 
liy Bumming up the different gaps, it will be found that they were about 20 miles 
in length. It would be a great error to imagine that the bottom was securely leveed 
with the exception of these breaks. The levees had all been made since the flood 
of 1851, find consequently had never been tested. They were much too low, hardly 
averaging 3 feet in height, although some of them, across old bayous, were of enormous 
size, as, for instance, a short one near the northern boundary of Crittenden county, 
winch was reported to be -ID feet high, 40 feet wide at top and 320 feet wide at bottom. 
Generally their cross-section W as much too small, and. upon the whole, they were quite 
inadequate to efibct the object for which they Mere intended. 

From the mouth of St. Francis river to Old Town, the levees were complete. 
Between this place and Sciaili-grass bayou, there were several gaps, amounting to about 
14 miles. Thence to Napoleon there were no levees. Between Nap don and the high 
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land, south oi' Cypress creek, there were only about 3 miles of levee. Thence nearly to 
Point Ln Ilache, below New Orleans, the embankments were completed. 

On the left bank, excepting a lew unimportant private levees, there were no artificial 
embankments between the mouth of the ( >hio and the southern boundary 
of Tennessee. The near approach of the hills to the river, throughout 0a the left bank - 
the greater part of this region, has the effect of Hooding by hill drainage the narrow 
belts of swamp land, and there is no immediate prospect of any attempt to reclaim them. 
Whether leveed or not, they are too trilling in extent to have any sensible influence 
upon the high-water level of the Mississippi river. 

The Yazoo bottom below the Mississippi State boundary was considered to be well 
protected by levees. They, however, averaged only about 4 feet in height, and, having 
been mainly* constructed since 1853, had never been tested by a great flood. They were 
much too low and too narrow, as the Hood of 1S58 proved. The levee which closed the 
Yazoo pass was an enormuiis embankment across an old lake. It was 115'2 feet long, 
and 28 i'eet high, with a base spread out to the width of 300 feet. About 10 mites of gaps 
in Coahoma and Tunica counties (between Islands 51 and 67) had been closed in the 
winter of IS 58, and consequently the levees had not had time to settle properly before 
the occurrence of the high water. There was only one open gap. It was nearly 
opposite Helena, and hail been caused by a caving bank. 

Between Vleksburg and Baton Kongo, on the left bank, the levees were complete 
where there was any occasiun for them. The hills approach so near to the river in this 
part of its course, that the bottom lands are limited in extent, and hence somewhat 
liable to injury from sudden upland drainage. 

From Baton Rouge nearly to Point La I (ache, the wdiolc river-coast was leveed. 

Is-rev organization in the differati States, — It is important that it should be under- 
stood, that much of the want of success attending the efforts to secure Rea9(m for 
the alluvial lands from overflow has arisen not from inherent difficulties treating of this 
in the construction of works of protection, but from the adoption of BU J ec ■ 
s\ stems which have allowed one district to be submerged in consequence of the insuffi- 
cient character or faulty execution of the laws of another, or left it to be protected by 
taxes levied upon another. For this reason a general outline of the existing levee 
organization in the different States will be given. 

The laws regulating the maintenance of the levees in Louisiana mark the gradual 
progress of the system. They are Involved, and very unlike in difiercnt ^^ ^^ ^ 
parts ui' the State. Premising that the ''Police Jury" of each parish is Louisiana. 
an elective bod\\ winch has the general control of the affairs of that 
parish, the following extracts from the Revised Statutes (1856) exhibit the most im- 
portant features of the complex levee organization of the State. 

•• Sn nt'X 1. The Police Juries of all the parishes of this State are authorized to pass 
all such ordinances as they may deem necessary, relative to roads and ^^ ^ 
levees, bridges and ditches; and to impose such lines and penalties to 
enforce the same as they may judge proper and expedient, to be recovered and enforced 
by indictment or information." 

St<:. 5. Throughout all that portion of the State, watered by the Mississippi and 



.. 
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Laws applicable the bayous running to and from tlit* same, which are settled, where 

Darishes except ' ( ' Vf - rs im ' necessary to confine the waters, ami to protect the inhabitants 

Concordia, against inundation, the said levees shall be made by Hie riparian pro- 

Washita^Poiate p r ; tors, in the proportions mid at the time hereinafter prescribed,' 1 
Baton Rouge, "Sec. IS, The Police Jury of every parish of this State where levees 

Iberville, are necessary to protect the inhabitants against inundations, shall meet 

Plaquemines, » <i . 

and St. Bernard. 0,K '° U1 every year, lor the purpose ol proceeding to the appointment by 

ballot of such number [of Inspectors as shall he deemed necessary, in 

such a manner, however, that no Inspector shall he charged with the inspection of the 

roads and levees to a greater extent than three leagues." 

"Sec. 2(1, It shall be the duty of the [nspector to make every week, at least during 
high water, one inspection of the roads and levees subject to his inspection, and to 
ascertain whether the obligations imposed upon the riparian proprietors have been 
complied with. * ! ' :! * * * * 

"Sec 21 i: * * * :|: 

"The Inspector shall provide all the means which he shall deem expedient, in order 
(hut the repairs be made in time; and for that purpose lie shall be authorized to furnish 
the proprietors, on urgent necessity, with any number of slaves he may deem necessary, 
not only from his own section, but also from the other sections of the parish situate on 
the same side of the river. * * * • • * 

"SEC 22. The Koad and Levee Inspectors are hereby empowered within the 
several parishes to call out to work on the levees therein, in ease of a crevasse or 
threatened crevasse, all the male slaves above the age of fifteen years and under sixty, 
or so many thereof as may be deemed necessary, whose owners reside on the same side 
of the river or bayou within seven miles of the threatened daiejvr: except persons on 
high lands, that is, lands not alluvial." 

:i: iji * * * * !•! * 

"Sec. 27. If any Inspector of lloads and Levees shall not cause the levees in his 

district to he repaired or made anew by the liist of November of each year, it shall he 
the duty of the other Inspectors appointed for the same parish and OH the same side of 
the river, to cause the repairs or new levees to be made; and for these purposes they 
are invested with all the powers vested in the Inspector of the respective districts, and 
subjected to the same penalties tor omissions, li' there are no other Inspectors in the 
parish, on the same side of (he rivor, or if they are absent, or do not acL any planter of 
the parish, on the same side of the river, may notify the President of the Police Jury 
that he undertakes to net as Inspector; and by the fact of giving such notice, he shall 
be invested with all the powers vested in Inspectors offloads and Levees." 

"^w. 20. Every proprietor whose levee has been broken by his own neglect, shall 
be liable for all damages and losses caused thereby, agreeably to articles two thousand 
two hundred and ninetv-four and two thousand two hundred and ninety-five of the 
Civil Code." 

"Sec. 43. Where there exist levees, the making and repairs of which devolve upon 
the parishes, all the Inspectors of such parishes shall join to cause the same to be made 
or repaired by proportional requisition of slaves, on the proprietors within their respec- 
tive sections," 
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"Sec. 50. The alluvial lands of the parishes of Carroll, Madison, and Catahoula 

shall be constituted a levee district." 

„<-i -i tt ii p i -l -i- i . n . - n. Laws con stitu- 

"SeC. 61. Sor tlie purpose OJ building or making and repairing all ting a levee dis- 

levees in the said levee district, an annual tax of 300 per cent, on the trict of three 

State mill tax, shall be levied in the parishes of Madison and Carroll, pans es " 

according to the State assessment roll of each year. No tax for that purpose shall be 

levied in the parish of Catahoula." 

"Sec. 56. The levee tax shall be a common levee fund, to be applied to making 
and repairing >3fl levees in the levee district." 

'•Sec 57. There shall be elected in each of said parishes, by the qualified voters 
of said levee district, three Commissioners, who shall be styled and shall constitute a 
' Board of Levee Commissioners.' 

'■Sec. 58. The first election of Commissioners shall be held on the first Monday in 
November, 1855, and biennially thereafter." 

"Sec. 61. No person shall vote in the election of said Commissioners who is not a 
qualified voter under the Constitution and Laws of the State, and who does not reside 
on the alluvial lauds in the said levee district: Pror'ulxl, no person shall be denied the 
privilege of voting who may live on the hill lauds but cultivate alluvial lands." 

"Sec. 62. The Board of Commissioners shall be sole judges of the election and 
qualifications of its members, and shall have power to prescribe all rules and regula- 
tions necessary for determining the same." 

•• Sec. 03. They shall have power and authority to select their Treasurer, their 
several Inspectors, Engineer, and all other officers appointed by them; to Us. the time 
for which they shall be appointed or elected, the causes of removal, the amount of the 
bonds to be given, and all other acts necessary to carry into effect the provisions of this 

law." __ 

-Skc. 69, It shall he their duty to lay off levee wards on the Mississippi river, or 
any other river or bayou in said levee district; to appoint Levee Inspectors for each of 
said wards; to prescribe their duties, and the penalties for neglect thereof; and they 
are full her' empowered to employ an Engineer fur said levee district, if deemed neces- 

«Seo. 72. It shall be their duty, at their meetings on the first Monday of May of 
each year, to order the levees at the most important points in each of said parishes of 
Madison and Carroll, to be repaired or built." 

-Sec 75 It shall be the duty of each of the Inspectors to let out, to the lowest 
bidder, the building or repairing of the levees in their respective wards alter public 
notice thereof having been given, by publication in some newspaper published in the 
parish in which the levee shall be built or repaired, for thirty days. 

-Sec. 77. Tiny -shall always require the levees to be completed by the first day of 

February in each year." ...... a % * n 

-Sir Til. They shall have full authority, within their respective wards, to call 
nl ,t to work'on the levees, during high water, all the male slaves above the age of 
fifteen and under sixty, or m many thereof as may be deemed necessary." * * 
« Sec 84 The Police Jury of the parish of Tensas shall divide the parish into live 
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Pariah of Tensas, districts, to l>e called levee wards, giving the motes and bounds of end), 
and shall cause a map or plat of the same to be made and kept in the 
Folice Clerk's ofliee, as the property of the parish, for reference." 

"Sec. 8-"), They shall annually appoint a Levee Inspector or Engineer lor the 
parish, to continue in office until a successor be appointed." * * * * 

"Sec. 86, They shall annually appoint, in each levee ward, two < 'ouunissiuncrs, 
whose duty it shall be to act in conjunction with (he Inspector, in laying off new levees 
in their respective wards, and to assist him at other times, when he may deem it neces- 
sary; in ease of absence or resignation of the Inspector, they shall perform all the duties 
belonging to the Inspector, until a successor be appointed, or until the Inspector shall 
return to the performance of his duties." 

"Sso. ST. It shall be the duty of the Levee Inspector or Engineer to direct ami 
superintend the construction and repairs of all levees 1]) the parish in accordance with 
the requisition of the Police Jury." * * 

"Sec. 90. The Police .fury are authorized to levy and collect, in the same manner 
that the State and parish taxes are now collected, an annual tav upon the assessed 
value of real estate as returned by the Assessors of State taxes. Said tax, when col- 
lected, shall form a special fund lor levee purposes alone." 

-Sec. 107. The Police Jury of the parish of Bapides are authorized to lay oil' their 
parish into levee districts: and with the consent of a majority of the 
Rapides, inhabitants of said diatricta owning lands therein, to lay a tax upon all 

lands within the several districts which were overflowed in the 
year eighteen hundred and forty-nine, tor the purpose of making levees on Ited river, 
within the parish, and constructing such embankments as they may consider necessary 
across all bayous connecting with the liver; and fur the purpose also of creating and 
maintaining the permanent levee fund hereinafter mentioned. 

*'The Police Jury, in levying said tax, shall discriminate equitably between the 
front and back lands, so that they may he taxed as nearly as possible in proportion to 
the benefit to he derived by them respectively from levees, the ta\ BO levied by the 
Police Jury on the front and back lands to be binding on both. 

"Sec. 108. The Police Jury shall appoint annually OH the first Monday of June, 
three Levee Commissioners for each district, whose duty it shall bo to locale the levees 
and embankments within their respective districts, and to let out contracts for construct- 
ing the same; which contracts shall he let out to the lowest bidder. * " ! 

"Sec. 109. The Police Jury shall also appoint annually at the same time one or 
more Levee Syndics in each district, whose duty it shall he to cause to be made all 
needful repairs or additions to the levees within their respective districts." * * 

"Sec. 1 1 ~i. The Police Jury of the parish of Catahoula shall have 
Catahoula * 11 ^ JUlt * ^limited power to establish levee wards within its limits, and 

enforce the construction of levees therein." 

■■Sir. 110. They shall have power to cause, with a previous notice of thirty days, 
the election in each levee ward by the qualified voters thereof of three Levee Commis- 
sioners, wdio shall choose one Inspector; the term of office, duties and qualilications of 
the Commissioners and Inspector to lie prescribed by the Police Jury, 

-Sec. 117. They shall have [tower also to levy nnd enforce the collection of such 
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taxes as- may be deemed necessary in any ward, for the construction of levees therein ; 
the fund so raised to be expended upon the levees in the ward wherein the same is col- 
lected/' 

"Skc. US. The Police Juries of the parishes of Concordia and Ouachita shall have 

plenary find unlimited power to make such enactments with regard to „ . . 

tit -*! ■ n ■ !_• t • . n , Parishes of 

roads ana levee? wit inn their respective limits us may be deemed noises- Concordia and 

siiry and proper by those bodies, including the power to authorize the Washita, 
assessment and collection of any taxes which they may deem necessary on the private 
land claims within any levee district established by them, to cover the expenses of levee- 
ing any public land included in Such district or other necessary work or expense 
authorized by any ordinance of said juries respectively." 

-Sec. 127. It shall be the study of the Police Jury of the parish of Pointe Coupee 
to levy an annual tax, not to exceed the one-half of a mill on a dollar 

On the estimated value of all the property subject to taxation not other- *****}*■ " f , 

..,,,. . , l . , i . , , ,, " ,, , Pointe Coupee, 

wise hereinafter provided for in said parish, which tax shall be collected 

by the Collector of the Parish Taxes in the same manner and form that the parish tax 
is now collected; and shall form a special and distinct, fund in the parish treasury for 
the repairs or making of roads and levees; and the Parish Treasurer shall keep a sepa- 
rate and distinct account of all taxes so collected." 

The fund derived from the sales of land granted by Congress for aiding in construct- 
ing the levees and drains necessary to reclaim the swampland is subject „. 

. . P a , i . , . ,. , , . '.' Disposition of tlie 

to an especial set ol state laws, independent ol parish organization, swamp-land fund 

Since the Revised Statutes were published In 1856, a change in the organ- received from 

i/ation for controlling tins lund has been made by abolishing the ''Board b 

of Swamp-hind Cuminissiimers," and replacing it by the "Board of Public Works," 

which now has charge of all the public works of the State. The law relating to the 

swamp-land fund declares that it shall not be employed in the reconstruction or repair 

of levees now existing, it being the intention to expend the money in supplying the 

deficiencies in the present system. If, however, a levee shall be destroyed by the action 

of the current, one-half the cost of repairing it shall be paid from the fund; the other 

half being borne by the riparian proprietors. 

The present levee organization in the State of Mississippi is based upon a law passed 

by the legislature in November, 1858. It went into practical execution Levee laws of 

in June, ISofb The following extracts from the law sullicicntly explain the State of 

... , ,. ii i- i> ■ Mississippi, 

the genera! system; it being understood that a "Board ot Police is an 

elective body which controls the affairs of a county :• — 

"Sko, 8." Be it further tfXWd, That it shall be the duty of the Board of Police of the 

several counties of^De Soto, Tunica, Coahoma, Bolivar, Washington, BoardofLevee 

[ssa< plena, Yazoo, Sunflower, Tallahatchie, and Panola, to meet at the Commissioners 

Court-house of their respective counties on the first Monday in February, —their powers 

is.V.i and then and there to elect a citizen of their respective counties 

to serve as a Levee Com mission er fur three years from that time." 

"SffiO 1 . 9- Be it furtlt<r cimrfaf, That it shall be the duty of such persons so elected 
Levee Commissioners for said counties, to assemble together, on or before the first Moil- 
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day in March thereafter, in the town of Prentiss, in the © unity of Bolivar, in this 
State, anil when assembled, to elect one of their number, or some freeholder in the dis- 
trict, as President of said body; Bald President and said Levee Commissioners shall lie a 
body politic, to he styled the Levee Commissioners, and in that name may sue and he 
sued, contract and he contracted with. The President of said hoard shall keep his office 
in the said town of Prentiss, and service of process on the President shall he notice 
sufficient to bring the corporation into court. Should said hoard elect one of their own 
members President, then the Board of Police of the proper county shall fill the vacancy 
occasioned by said election;, by a special election, made at such time as they may see 
proper." 

U &W. 12. P» it further >i>M'trtl, That said Board of Levee Commissioners shall hold 
their regular meetings at the town of Prentiss on the second Mondays of April and 
October, of each year, and at such other times as they may appoint, and as often as 
they may be called together by the President on ten days' notice of the (oik- of 
meetim 1 '.'" *********** * 

"Saso. 13. Si if furlh-r enoefettf, That it shall ho the duty of the Board of Levee 
Commissioners to expend all moneys they may receive as general funds, under this or 
any other act, in re-building, strengthening, or elevating the old levee, or in making 
new embankments, when they may regard such to lie necessary, through the counties 
fronting the Mississippi river and within their district, * * * * * * 
Said Board of Levee Commissioners shall have nil the power of a body corporate to 
carry out the objects of its creation. They shall have power to pass all necessary by- 
laws and ordinances as they may regard proper lor their own government or for the 
government of the work under their charge, as well as for the protection of (lie same. 
They shall have power to employ all engineers or agents neeessary to the work, and do 
all other acts not inconsistent with this law, nor in violation of the laws of this State. 
They shall determine the hase. height, slope and elevation of the levin — may abandon 
any portion of the tdd levee that they may regard as unsafe or improperly built, and 
may build new works, and repair old on such ground as they may select, and make all 
needful regulations necessary in their opinion to secure the counties under their charge 
{Vom overflow by the Mississippi river." 

"Six. 21, J3s it further enacted, That in addition to the levee tax assessed in the first 
sect inn of this act, the Boards of Police in the counties of Tunica, Coa- 
homa, Bolivar, Washington, and Issaquena, shall have power to assess a 
tax, annually, on all the lands within their respective counties, subject to tax, under the 
provisions of this act, not exceeding twenty-live cents per acre, to be used under the 
direction of such persons as said Board of Police may respectively appoint, for iv-build- 
ing old, or erecting new levees; said tax to he assessed and collected after the form now 
provided in the local law T s of such counties, and the same shall not become a portion of 
the general fund, nor be subject to the control of the General Board, further than the 
Boards of Police for the counties respectively shall allow, hut shall be a specific fund 
for the use of the county in which the same Shall he collected." 

By-laws of the ^*e &U°W*»g extracts from the by-laws of the Board of Levee Coin- 

Board of Levee nnssioners are sufficient to indicate the practical system of constructing 
Commissioners. , m(J nrotcetiu g t | ic ] eve( . s adopted by them :— 
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"An Engineer in Chief shall be elected by tlie Board on nomination by the Presi- 
dent, and in case of a vacancy during a recess of the Board, the Presi- 
dent may appoint, a successor ad ink run. Upon a failure or refusal of C J lief En si n eer; 
the Board to confirm the nomination of Chief Engineer by the President daties - 

any member of the Board may nominate." 

"During the recess extending from April to October, 1859, the Chief Engineer shall 
appoint his own assistants, the number to be determined by the President ° but at t'l > 
regular meeting in October, 1859, and at every regular meeting thereafter^ the Board 
shall elect Assistant Engineers on nomination by the Chief Engineer.*' 

•■ lie shall make such surveys on the line of work, with such plans and specifications 
maps and reports Connected therewith, as the President shall require of him, and shall 
keep a record-copy of the same as the property of his department." 

-Besides the report and chart of his general survey, he shall make a report to the 

President, to he by him hud before the Board at each regular meeting showing the 

number and extent of his local surveys and all other operations of his department during 

1 lie current recess, and shall make such recommendations as he may deem important 

and \ri thin the scope of the duties of his department." 

••Insirumcnts, stationery, and camp equipage required for the use of his department 
together with the wagea of ehainmen, rodmen, and laborers necessary to the field ser- 
vice shall be charged to the Board, and paid for by the Treasurer on the order of the 
President, accompanied by the accounts with his approval endorsed thereon." 

"The Chief Engineer may be removed at any regular or called meeting of the 
Board, on motion, two-thirds of the members present concurring." 

"Each river county shall be divided into Inspectors' Districts, to wit: one in De 
Soto, three in Tunica, throe in Cu:dioina, four in Bolivar, four in Wash- 
ington, and three in Issaquena, and an Inspector for each district shall be thef^ t' S ' 
elected by the Board on nomination by the Commissioners of the front 
counties — each of said Commissioners nominating the Inspectors for his own county." 

"It shall be the duty of every Inspector to make immediate report, to the President 
of all instances falling within his knowledge or belief of wilful damage to the levee, or 
other violation of "the Levee Laws; and once in every week lie shall inspect all the 
levee work going on in his district, and report the progress of the same to the County 
Commissioner, to be by the latter reported when necessary to the President" 

" Each Inspector shall also lie charged with the general supervision of the perma- 
nent laborers employed on the fevee in his district, and shall report to the President all 
instances of misbehavior or neglect of duty on their part, without additional charge on 
the levee fund." 

In Arkansas, immediately after the passage by Congress in 1850 of the law dona- 
ting the swamp-land to the .State, an act was passed organizing a "board i, evee j aws a t 
Of Swamp-Iftnd Commissioners" to fix the price of the overflowed lands, the State of 
to district the State, to determine upon the necessary levees and drains, Arkansas, 
and to let out the contracts to the lowest and best bidders. This board was abolished 
in December, J^" ,| i. The following extracts from an act approved in January, 1857, 
exhibit the present system. There are seven swamp-land districts. 

21 
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"Section I, Be if enacted l»( ffie General Assembly <>/ the Stoic of Arhitww* t That, in 
Mississippi and ort ' ( ' r Ul r ' l,H -' lt P the n rt j )s Hl levees on the rivers Mississippi, unil 00 
Arkansas rivers, milch of tin.' Arktiuwus its IS embraced in tlio Helena district, as es l a fo- 
llow to be leveed. lisilt , ( , by t , K . iU , t t)) w[jirh thig js supplemental, it shall be lawful for 

any engineer, under instructions from the Governor, to lft out contracts for the con- 
struction of such levees to close up such gaps: Ppouided, that each contract which shall 
be made for the performance of any of .such work, shall expressly state that the work will 
only he paid Tor in specie, which .shall be obtained by the sales of swa nip and overflowed 
lands, situated within (he limits of the district in which said work i.s required-" 

"SEC. 4. That the Governor Ire and be is hereby authorized to appoint, from time 

c , , to time, a swamp-land secretary, who shall hold his office during the 

Swamp-laud l • y , 

secretary; his pleasure of the (iovernor, not to exceed a term of two years, or until his 
duties - successor shall be qualified, 

* * :U ■;■■ * • • * * * 

" Si-:c. 5. That said Secretary shall have charge of all the hooks, maps, records, 
papers, contracts, ami all the furniture and property, of every description or nature 
which appertains to the office of the former swamp-land commissioners, or to the office 
of the secretary of such commissioners, as well as other papers which may he filed with 
him, which may relate to the swampdands or Contracts for work under the swtunp-Iand 
laws, and shall be responsible for the preservation of the same in his ollice, and shall 
investigate, and ascertain, and report to the Governor, whether any of the work which 
shall he reported lor payment, hy any engineer, 1ms already hecn in pari or wholly paid 
for or not, so that the same work may not he twice paid for." * 

'■Skc, JO. That in order to prevent a useless accumulation of specie in the State 
General levees treasury from the sales of swamp and overflowed lands, whenever there 
and drains in the shall he in the State treasury as much as five thousand dollars in specie, 
swamp region. obtained from (he Hales of such lands, situated in any district as estab- 
lished by the act to which this is a supplement, it shall be lawful Jin- any engineer, 
under directions of the Governor, to let tail contracts for making levees, ditching, draining, 
and reclaiming swamp and overflowed lands situated in the district, hy the sales of lands 
in which district the specie in the State treasury shall have been obtained." • 

The Helena district, einhracing the counties along the Mississippi 

New system river, has already expended its quota of swampdands ; and some of the 

inaugurated, ' . . 

counties are therefore making their own levee laws. 

Levee laws of The proportional amount of alluvial land liable to inundation in the. 

Missouri, State of Missouri is so small that no detailed notice of ifs levee laws is 

Kentucky, and . _ 

Tennessee. required. In Kentucky and lentiessee none have been enacted. 

Dimensions and oodt of exinliny ievees, — The following extracts from 

Louisiana ,11 ,■ 1 ■ • t -i •.. ,1 • ■ 1 

statutes for con- *'"' ' aws °' Ijoiusiana exhibit the statute requirements in that .state: — 

struction and " Sl-;c. (i. Every levee which shall contain one perpendicular foot of 

levees" 0118 ° water, and not above three feet, shall have at least live feet hase for 

each and every foot in height, 

"Every levee which shall contain more than three perpendicular feet of water, and 

not above five feet, shall have at least six feet hase for each and every foot in height. 



THE MISSISSIPPI RIVER BELOW TIIE MISSOURI. 1G3 

" Every levee which shall contain more than live perpendicular feet of water, and not 
above sis feet, .shall have at least seven feet base for each and every f »ut in height. 

"Every levee winch shall contain ahove six perpendicular feet of water, shall have 
at least eight feet base tor each and every foot in height. 

-The summit of every levee shall he of the breadth of one-third of its base; and, 
finally, every levee shall he of such height that, after the sinking of the earth, it be still 
raised one foot above the level of the water when highest. * * :i; 

"Sec:. 7. Every new levee shall be constructed, in places where the bunk is caving, 
at the distance of at least one arpent [about V,)2 feet] from the waters edge, and in 
places where the bank does not cave, at the distance of at least sixty feet ; in both cases 
the distance shall be measured from the summit of the bank of the river, under the 
penalty prescribed in the prescribing section." 

"Sec. 'J. The earth which shall be employed for the repairs and construction of a leveu 
shall be taken at the distance of at least twenty feet from the base of the levee on the 
side next the river, under the penalty prescribed in the sixth section. 

"SfiC. 10. Every new levee, or every portion of a levee which shall be made anew, 
shall be fascined on the river side, either with palmetto or otherwise with pickets, under 
the penalty prescribed in the sixth section. 

u Skc. 11. All new or old levees on the unsettled and uncultivated lands, situated on 
the river or on the bayous running to and from the same, or other waters connected 
therewith, shall be constantly fascined or palisaded. " * * * * 

- SeC 18. It shall be the duty of every riparian owner of lands, in places where levees 
are necessarv to confine the waters, to cause attentively and carefully to be dug and 
tilled up every year the holes which Crawfish, mnskrats, or other animals, may have 
made in the said levees, and to adopt constantly all the necessary means to prevent the 
oracress of those which happen daring the high water as soon as they shall lie apprised 

.l : ft :>: S * ■:- - ■'■ 

of it. •**•«■« 1 

"Sec. 41. In future no bayou, which receives the waters ol the Mississippi, wnen 
that river is high, and which then affords an outlet to the said waters, shall, under any 
pretence, be shut up without a special law." * 

"Sec. SI. All levees shall be made as follows: All trees, stumps, and logs shall be 
removed from the foundation of the levees, a ditch, at least three feet provisi(mg in the 
wide and three feet deep, shall be cut in the centre of the foundation ; CaiTO u, Madi- 
aD d the levees shall be made at least three feet above the highest water, gMj^Cfcfe* 
and shall have six feet base for every foot in height, and shall have such district 
width on top as the Inspector shall think necessary," 

The actual dimensions of the levees fall far short of those required by these statutes. 
The transit and level survey of the right bank from Red-river landing ^^ ^^ 
to Carrollton, and of the left bank from Baton Kouge to Carrollton, has s iojj SO f levees in 
supplied the following data by which the average dimensions of the levees Lonjuana^ 
between those points, in 1851, may be accurately judged. So hvr as laijding and 
known no change in these mean dimensions has been made since that Carrollton. 

survey. 
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Dimensions of lei'ces in Louisiana. 
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. iii the State of Mississippi, the new levees are constructed accord- 

the State of in S to the following specifications, but these are not always adhered to 

Mississippi i n repairing old levees: — 

coSSSSm" 1 " 8 - Tho ,ovee wiU be ? ra(led 5 feet wide ,,n to P» BXce P i wllL ' re oper- 

and dimensions wise directed hy the Chief Engineer, witli side slnpes ofsuch inclination 
of levees. M ^ q^£ E n gj lieer j n ,.;,»•]! case slmll designate (usually 6 to 1 on the 

river side, and 2i to I on the other side) and in conformity to such heights of Idling 
as may have been, or may hereafter be, determined unon* hy (lie Chief Engineer." 

* According to llie tDformatiou obbunad, ull iicv? levees are now (since IsiiO) constructed in aeeoTilnDee witb the 
I'ollowiiijr regulation ;■ — 

In he Solo ami Tnniea oounties 1 (eel above (lie liigliesl kimwu llooil. 

" Coalioma eouiil;.,,. l.'iteet " " " " ° 

" Itolivtir iiml Washington enunlies...... :,. * " '• " " 

11 Issft^ueuiv eounty. . .. ,", | ,. *» i« " '* " 

Tilts makes ths average height of the new levees along the HktiN front of llie Vti&io bottom about 10 leel. the eilhi- 

i mI contenta per mile being about 1,(1110,000 cniae, ynnis, tmd the cost afcusnl giojioo. 
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«4. The ground to be occupied by the levee must first be cleared of tree B tem M 
logs, trash, weeds and all perishable matter, the trees and stumps being cut in, by the 
roots, at least 1 fi»t below the sulaee of the ground. The entire surface must then be 
thoroughly broken with a spade or plough, ii, order to form a bond with the earth 
deposited. Then a murk ditch must be cut, feet wide at top, and >i feet at bottom 
and 4 feet deep; all stumps and roots crossing it being carefully taken out and removed 
beyond the bnsc of the levee. The muck ditch must be cut 10 feet from the centre- 
line of the levee (great care being exercised not to displace any of the stakes of the 
centre-line) on that side next to the river, the earth from it being thrown entirely on 
that side of the ditch next to the river. As each section of a uiiie in length is thus 
cleared, broken and muck ditch cut. the contractor must notify the engineer in charge 
of the fact, when he will * get stakes each side of the centre 

at the proper distance for the base of the levee. * * * j^ s gtx 

the work is staked, the muck ditch jnnst be filled in again with buckshot earth or elav 
obtained from without the base of the levee, and the earth tramped in by horses or 
mules ridden rapidly back and forward constantly while the earth is bcin"- put in- at 
least one burse to even' eight wheelbarrows being thus employed. This filliii"- and 
tramping to be kept 1 mile in advance of the embankment, The surface of all old 
levees must be well broken. In cases where the chief constituent of the levee is sand 
or other porous material, the Chief Engineer may require a wall of buckshot or clay, 5 
feet thick, to be continued up from the muck ditch to the top of the levee, the earth 
being tramped in by burses in the same manner as the muck ditch, as the levee is built 
up on each side of it, the object being to obtain a stratum through the levee impervious 
to sipc-water. :;: !|i * * * * 

"■">. When the ground is prepared, as required by article 4, the embankment will 
he commenced, and must be formed in uniform layers, not exceeding 1 foot in thick- 
ness; a sufficient number of dumping men being continually kept on the levee to 
spread the earth as it is wheeled or carted in. The slopes shall in every case be com- 
menced itu, nt'T to the side stakes, and carried regularly up as the embank nient pro- 
gresses. * * * * * * * * * 

'Mi. Material taken from ditches or drains (except when otherwise directed by the 
engineer in charge) shall be deposited in the adjacent levee, the cost of removing which, 
when the haul is not more than ':>00 feet, will be included in the price paid for excava- 
tion. In procuring material for the levee, the place will be designated by the engineer 
in charge (always on tfie river side, unless otherwise directed), and in excavating and 
removing it, care must be taken to injure or disfigure the land as little as possible. In 
no ease must it be obtained within "J.i) feet of the base of the levee on the river side, 
and the slope of the pit next to the embankment must not be less than 2 to 1. ]f, 
from unavoidable causes, it becomes necessary to procure material on the inside of the 
levee, it must not be taken within GO feet of the base. But is not to be taken from 
the inside at all. unless forced by high water, or mine insuperable difficulty. Any 
encroachment upon the limits either side must be measured by the engineer in charge, 
and deducted from the amount of the final estimate. At intervals of 100 feet, bermes 
must lie left across the barrow-pits, to prevent the (low of a current along the levee. 
In procuring material for the embankment, if the place designated by the engineer in 
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charge exceed 800 feet from the centre-line of the levee, three-fourths of a cent per 
cubic yard will be paid in addition to the contract price, for every LOO feet of average 
haul exceeding 300 feet that said material may be transported. All levees shall be 
estimated in embankment and nol in excavation, and be paid for by the cubic yard. 

"7. All earth designed lor embankment must be tm/irtft/ divested of roots, trash 
and all other perishable matter before being thrown into the carts or wheelbarrows. 

"8. After an embankment shall have been raised .'J feet, the sides must be trimmed 
with slope-boards, and any irregularities appearing on the slope must be corrected at 
once; this trimming must steadily progress as the embankment increases in height. 

"'J. In cutting drains or new channels for streams, they shall be cutatsueh distance 
from the levee as the Chief Engineer may require; the materials deposited in the adja- 
cent embankment, and paid for as specified in article (j of these specifications. 

"10. The Chief Engineer may, whenever he deems it necessary, require a double 
course of sheet-piling, breaking joints, to be driven at the centre or either side of the 
levee, 5 feet below the surface of ground, and extending op within ii inches of grade; 

the plank to be of heart red gum, white nak or cypress, or sueh other timber as (be 
Chief Engineer may select, and of such dimensions as he may determine; the material 
and labor to be paid i'or by the thousand feet, board measure. All piling must Ite driven 
in advance of the levee, and the embankment constructed on both sides of the piling 
simultaneously. The Chief Engineer may also, whenever he deems it necessary, require 
a breakwater to he constructed on the river slope of the levee, of post and plank fence, 
properly braced, and filled in behind with earth, according to detailed plan and specifi- 
cations in the office; the material and labor to be paid for by the thousand feet, board 
measure, and the filling at the contract price per cubic yard, stipulated for embank- 
ment." 

" 14. The ends of all levees shall be protected from flood by a double course of sheet- 
idling closely driven and securely braced, extending across the base and around each 
side, not less than 10b feet. This protection always to be put up on the completion ol 
the levee, unless otherwise directed by the engineer in charge, and also during the pro- 
gress of the work in anticipation of destructive Hoods. The Chief Engineer may also 
require the base of the levee to be covered with a causeway of timber, whenever 
necessary to support the embankment, for which an extra compensation, to be deter- 
mined in each ease, will be made." 

!=! $ :■: * * :■: tf -I- * 

In Arkansas, the levees are constructed in accordance with the following specifica- 
tions: — 

iatfo a ™"r r tE l " " Tm ' k ' vw nr embankment *naH be entirely of earth; and should 

construction any tree, log, chunk, wood, brudiwood, cane, or other perishable male- 

of levees^ 11810118 r ' il ' '*" imbedded in the levee, the party of the first part [the contractors] 

in addition to forfeiting all right to any compensation whatever for 
any and all work done, or which shall be done under this contract, shall also forfeit the 
full amount of the bond annexed thereto." 

"All trees, brushwood, logs, and other perishable materials, shall be removed from 
Off the surface of the ground to be occupied 113- the embankment or levee, so as not to 
injure the adjoining land. All stumps shall I*.* cut off close to the ground. The clear- 
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fog shall be sufficiently wide on either side of the centre-line of location to clear the 
berme banks." 

'-The embankment ur levee shall have the following dimensions, viz.: For every 
lout id height, 1 foot wide oil top. and, in addition, 7 feet base. The embank- 
ment shall Ik; at least 30 inches above overflow. A berme bank. 6 feet wide on 
cither side of the base of the embankment, aiiall in all oases be preserved; and the 
berme bank slope shall be cut eonformable with the slope of the embankment. Earth 
benches, each KM) feet apart, on the river side of the embankment, shall be left stand- 
ing, iit right angles with the centre-line of location, connecting with the bonne bank 
to prevent the abrasure of the embankment, by the flow of water, at times of flood." 

-All material which will when totted leave conduit pipes, or whieb retain water, or 
upon winch frost acta, by heaving, shall be removed from tbe base." 

"Where the levee crosses county or neighborhood roads, a crossing shall be made of 
earth 15 feet wide on top, sloping uniformly at right angles from the centre of the 
[evee, mi either side, a distance wvvn times greater than the height of the levee; which 
crossing shall lie so elevated in the centre that water falling upon it will run oil' on 
either side; ami said crnssiu;^ shall have uniform side slopes extending out on each side 
1 foot for each foot in height; and the same shall be paid for at the regular contract 
price," 

Careful inquiries were made with a view to ascertain the usual eost of levees. The 
contractors price for the Ohio levee at Cairo, the finest on tbe river, 
was :j'> cents per cubic yard. It is an enormous embankment, having a pe^c^nT^rd 
wide street and a railroad track upon the top. Its river elope is covered in the several 
| fool thick with broken stone, costing £2.00 per cubic yard, it is also states - 
protected at the edge by a rip-rap wall. It is fully 15 feet high, its top being above 
the level of the flood of ISoS. In the State of Mississippi, the contractor's price of levees 
is from IS lo 20 cents per cubic yard. In Arkansas, it averages about 20 cents. In 
Louisiana, it averages about LS cents in open ground and 2;j cents in forest regions, 
where the trees are to be cut down and a "muck ditch" is to he dug through their 
roots. 

r.nv.M ru ions. 

Such historical notices of tbe great floods as can be prepared front existing records 

are mlded lo litis chapter. The analytical comparison of tbe Hoods cannot _ , . 

1 ■ General char- 

be attempted here, ibr the reason that the system upon which it is based acterof the 

yet remains to lx> explained. A jrencral statement, however, of what histories of the 

great floods. 
tributaries produced those destructive overflows; at what dates they 

occurred; and what damage they occasioned in the different parts of the great alluvial 

region, forms a fitting conclusion to the present chapter, besides precluding the necessity 

of hereafter interrupting trains of reasoning in themselves sufficiently involved. 

In preparing these histories, great care has been taken to collect information 

front all reliable sources. For the more recent Hoods, this has been 

i . . * ii ( . e . ,■ .„ ," , ., , Earlier records, 

comparatively easy, out, lor those of tanner tunes, it has been lotind 

impossible to determine even the most essential particulars. The list of floods, how- 
ever, is complete for the present century; for in 1708 a regular record was begun 
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at Natchez by Governor Winthrop Sargent, and continued by liini until 1819, 
From tliiit date until 1841, observations at the sauie place were made by Mr. 
Samuel Davis, They were continued by Professor Forshey, until 1848, when he 
removed to Garrollton and began a new series there. The latter, together with the 
records kept at the Memphis navy yard, render the information complete up to the 
date of the commencement of the present Survey in 1851. From these old papers 
Professor Forshey has compiled (see plate VII) a Bet of gauge-curves to represent the 
oscillations of the river at Natchez from 1 SIT to 1817. The scale (if high waters i't 
Natchez (figure 2. plate IX) is also mainly constructed from these records. 

Prior to 1708, we have only occasional notes preserved among the papers of the 
colonies. Governor Sargent, however, slates that according to tradition them was no 
very high water between 1750 and 1770, and that from L77D to 1798, there was no 
general overflow. The latter statement is contradicted by the records respecting the 
Hood of 17.SU, as will soon he seen. 

Flood of 1718. — "An extraordinary rise of (lie Mississippi this year. Bienville had 
selected a site for a, city, but the colony not having means to hnlhl dykes or levees, the 
idea was for the present abandoned." (Francios Xavier Martin.) 

Flood of 1735. — Gayarre states that in this year the waters were so high that many 
levees were broken, and much damage was done. New Orleans itself was inundated. 
The Hood continued from (he latter part of December to the latter part of dune. When 
the river fell, it reached a lower point than ever before noted, the range at New Orleans 
being IS feet. 

Flood of 1770. — A great flood, according to the tradition recorded by Governor 
Sargent, but the published statements concerning it arc so ambiguous as to render it 
uncertain whether this (loud was equal to that of 1811, or a foot higher, at Natchez. 

Flood of 1 782. — "This year the .Mississippi rose to a greater height than was 
remembered by the oldest inhabitants. In the Attakapas and Opelousas, the inunda- 
tion was extreme. The lew spots which the water did not reach were covered with 
deer." (FYancios Xavier .Martin.) *'17N2 was I'aiiuce des einix." (HrackcnridgG.) 

Flood <>f L785. — A great flood at St. Louis, in April, said to have been equal to that 
Of 1844. Professor J. L. Kidded, of New Orleans, states on the authority of the l'Amie 
des Lois and Evening Journal, May 25, IS 10, thai New Orleans was Hooded by 

crevasses. 

F loo* f of 1791. — Same remarks at New Orleans as Ibr the Hood of 1788. 

Flood of I7!m;. — The Teche overflowed its banks for some 60 miles above New 
Iberia, ami poured into Grand lake in a smooth sheet of water. The take at this date 
attained the highest level on record, being 2.6 feet higher than in IN2X, 6.8 feet higher 
than in 1850, and 14 feet higher than the ordinary gulf level. I Verbal statement of 
Mr. Fuller, upon the authority of a Creole resident.) 

Flood of 1 Tl>U. — .Same remarks at New Orleans as for the flood, of 17So. 

Flood of 181)0.— A disastrous Hood, which, according to Governor Sargent's notes, 
inundated all the plantations near Natebez, and destroyed the crops. It was imagined 
by the sufferers that the northern lakes had found a channel to the river. At Natchez, 
this Hood was 1.0 feet below that of 1816, and 2, 1 feet below that of 1859, the highest 
ever known in that vicinity. The date of highest water was May 4. 
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yiooA of 1811. "There was a great flood this year." (Bracken ridge.) "During 

the ffi reai flood* of 1812 and 1813, ranch damage was done by the water rushing through 
the tents m the levee*," (Darby.) Governor Sargent places this flood at Natchez 1.5 
feet below the high water of 1815, or 2.0 feet below the high water of 1850, the date of 

highest water being June 4. 

.,, -J* tS18. "Was 6 to S inches higher than 1811." (Bracken ridge.) This 

, ' .(.„,.,„ Hint n rise "within 2 or 3 feet of high water" occurred in December 
writer also swiies tu»u •• - 

,., «»,li«a vein*. "' 1" 181 3, when the Point Coupee levee was broken, the water" 

01 1 lit' 1)1 eeCiiiiJ— j . . „ 

nf Ueluifalaya btisin — Grand lake) -rose -i or y ieet above any elevation 

I gjjjQg 17S0. During the month of June of that year, which is ordi- 

' ' ' ' mi £ greatest rise, the level of the general body of water, from the 

"nT"'.!/ \uSahiva. wuld not have augmented in height more than 4 feet without 

■ * (1 , .\v'it*>v of the inundation into the Teehc in almost its whole length 

I lU'iuir till*0\Vfl ill*- v>*n*-*- . *■ ■»-» 

f St Martin." (Darby.) Governor Sargent's notes at Natchez [dace 
a ,m * ,-, £ r 00 t below the high water of 1ST") or 0.8 of a foot below the high 

if 185'*. the date being June 8. 
uaK'j'u ''''.- .\_ veiv great flood. At the mouth of the Ohio it attained the 

• | /7 7! int Ma wwrind, £* ? «* Bbow t,,e hI s h vv:thT rf iS58 ' The NM Wiltur 

I ["III"' I III 'I II I Brf* **"* ,, «, v , „. , „ 

i \nril 9. (Verbal .statement or Mr. John istm Jtrom his own oliservflr 




1 V 1 

011 X 05V " KetJ river must have been low enough to allow bayou Atehafalaya to do 
that 01 o ■ , ll1t i..f for at Morganza, the flood was 0.0 of afoot lower than that 

' V> n i «»1 Morffans manuscript journal;, and no damage below Red-river landing 
of LS28 (' * 'lout i hw»5°™ 



orded 




a juot below high uaterof 

m both ^J^^i^Jiooa was 0.7 of a foot below the high water of IS 15, or 1.2 
flood Qf • . Natchez, according to the notes of Mr. Samuel Davis. It 

i;.,.t below that oi «»* • * 
, i;i .. : highest eo Maj ■ flood u , s w(irc 1828) j^ im ^ tg ^ 

t> ., ,, n lMi4 illl'-l -i'- uv i u * D . ... , . , , 

lwUl ' " . Jt ^ true that the nver was quite high at cev- 
it"i IS,iS Uiul IPOJ. -ti . t n dQ ,„„, | The more recent 

J? • some of the intermediate years, as m lb.>. 183C, and floods 
,.„„ l()nl l,iies m ^ ^ secondary a character in a general point 

LS47, but the Qooa ^ miU j re discussion. Before proceeding to the more detailed 

tl f viOW, I hat the) ,,,,.,,..,* u-elv well-known Hoods, the following table exhibiting 

I- ti,., a npven coiiit)ai.in>'-v 
history ot these sev»u ^ 
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their relative heights will be given. It should be remembered t li fit it presents only a 
general comparison of them, since the extension of the levees, the formation of cut-offs, 
the location of crevasses, etc. materially modify the local heights attained in different 
years even when the volume of discharge is the same. 

The plane of reference adopted in the table is the flood level in 1 8 5 S . The sign + 
denotes that the flood in question exceeded the height attained in 1S5S; 
tive heights. i,1H ' ^be ^S — > *' iat ^ ^ short of this height. The numbers follow- 

ing the signs denote the difference in the height attained in the two 
floods. Great care has been taken to insure accuracy throughout this table; but as 
some of the numbers are better determined than others, a distinction has been drawn 
between them. Wherever a careful mark was made at the date of the flood, and the 
exactness of the de tern li nation therefore admits of no question, the number in the table 
is not marked by an asterisk; otherwise it is, however good the authority (or the height 
of the flood may be. 

Oomparatire heiylds of the modern J^oods of (he Mi&rissvpjri. 



Lwjilitf. 



1KSS, 



1844. 



urn: iii.i... 



I -H. 



utrr. 



Hale. 



-0.1 



St. Lcrafs 

Cam iiiijir.li-^a. 

DUTd* llliiHiiit .......J 

Norfolk. MifMrUrK.*.*! 

<ljrrj«*EU' Inland 4...... 

i'lilumlniA. .....,,.....,., 

llii'knnm 

Mimtli Jhtii« l.ii.vmi. 

IIjiikwHi. Inland lll„, 

" ]">..., 

111. 

First nliirkiwiK Ijluil 

I ..'i mil™ l.etp.w llJijiJr.lj.Li — ij,8 

<lj*[Hwlttf I .-land Bfi 

38 

7le--i ijj -I. i— , — l.;i 

(Iji^wilP l«lmnl 49,. 
" (1.. 

'■ " »a — &B* 

lli'li'na , „.,..,„ — 1. .', 

Il[>]ni»lu. Inland tifi I ii.4* 

" 74 —11.7 

N n poison. ............ .. 

Ntfrtr Mnnd 7^ 

SO. 

Grroenvllt* 

\i.j<r NlFiiid H&> 

PrtrridtfOeGu... 

\t-jn Inland loo 

Vietotinrg ,.....,.. —0,8* 

4 rnlln bttow \ ii itDtmi 

New GHrthnras 

.NMi.-li.-j. -".7* Mnirl, 21!. 



FHt. \ 

H.;i Jane IS. 
M 

Job-*, 

—4.1* 

-■J...- 

—".".' Jut* 4. 

_n.:.. 
— ■:.:.' 

— 'J.S* 
-LG 



-ii.T' 

— Mi 

— n.li 
— Llr* 



.tnl.i 



— "2,11* 

—1.6 

—1.7 Jltw-f.. 

— 1.8» 

— 1» 

—1,51 

-l.f,« 



i.; 



Rod 



\, ,n- l„1.,.ii.J III.. 
liuHlli'l l J ii|H1 ml 

river landing' ' 

Jli'jul umyou AtL'hafiiluyn. 
H.-iliii.-r tanrilujr ,.| 

.Iiihi Kb. Iliir.i.iirrii'ul-iiir, 

JU>I Ih'IhW 

lltij'no fsim 

Ul,lll|J ItllllJiFJ , .-'J 

I'Ei.i^iH'ibjJrn. | n.:j 

.V inlli-. In l,.w PlaqtUHnJjl* t u,l 

Duiuddmtivttlfl 

Ki.nm-K'iLiFv jK.inl.. 
rarrulltim.,.....,., , f.o.l 



l-M 
:■■•< 

'— 0.3' 



Mitnh 14. 



April 1. 



—ii.T' 
—Oil 
— n,i;« 

I T 
"I 
ii. I 

U 



I.', 
— Ml 

—Il.ll 
— UM 

—11.7 



— on 



J lilies. 

.turn. 
.Inly 111. 



JillJ 11. 



Dtir. 



Oat 



y.,i. 



—l.i- 

— !.«• 
—1.0' 



-2..'.' 



- ;;,; 



— \» 



IMO. 
Hill. Dntr.. 

!■■> 
— «-1*i 

-2*» 



im. 



I titir. 



Uiiti>. 



|.i, Hi M. 



— n.i; 



-in- 



-l.: 
W 

(0.J 

n.n 

llll 

"I 
ii.ii 



April m 



—11.4 .1 LI til II. 

jll.l 



•" 



— Il.ll Hay 11-1U. 

— 1* Jlay ItOdM. 
— ;.< 



Hwrh I. 



— !.!!■ 
—•-'.il 

n i< 
- Ii. 1 Jiiri' I 
. ■>..-!• 
-".-J ,Sl»v. 

-m ' 

ii.-.: 

IJ 

-l.n 
i - 



Mir. Ii I i. 

on \!.,(,i, is 

■ 
- ",i 
— l.g 



llmvli II 



-a.i 



1-l.S 






' o.o 

1. 1 

". : 



1SJ9 



UitT. 



im. 



|M.i 



-^.1 Mii.i I 



,-1.0 



H'.3- 



April m. 

Mnrrli 10. -f0.8 

April X t i.:i Ajirlia •'» 

Hw.Jt-Apl.J 

Ai.rill-6. I a M.^^. 



11,1 !/ I.'l. 

Slmcli u. 

tlArcll. 
Ajirll BI-2S. 



AprM M. 



Mm. SB- Apt. i 



m,..(i ■.; ..i 



• n.l )lnrrl, 11-1.'. -l.i Jtn. 2»-fWi. 2. ".:; H>rfh S-tU. 



in.* 



ii.'. 
,11.4 

(..I 



M»,r » 



Mar It 

M„, il. 



Flood f>j 1828> — This tluod occurred before the country above Red-riyer landing 

ime uacer- ^ MS nu,cn settled, and it is probable that its marks have been eon 



tainty about 
this flood. 



wits nn 

founded with those of 1815 in many localities; because, while we have 

the direct testimony of Mr. John Bird, who has resided at the mouth of 
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the Ohio for over a half a. century, that at that point the Hood of 1828 was fully 4 feet 
lower than that of 1818, the former is almost universally claimed to have been the 
greatest Hood of the present century in every one of the great swamp regions below the 
Ohio. These statements can only be reconciled by supposing a great difference in the 
d urn lion of these two Hoods, but respecting this it has been impossible to obtain 
any information. 

At tbe mouth of the Ohio, there were three rises in this flood, two ». . . ,. 
in the winter and one in the spring, all equal in height and fully 2 feet throughout the 
below the high water of 1S5S. alluvial region. 

At Randolph, at Memphis, at Helena, and opposite Island 74, this Hood was, by 
exact measurement, between 1 and 2 feet below that of 1808. 

At Natchez, Professor Forshey's compiled gauge-record (plate VII) places it 0.7 of 
a font above tbe high water of 1858. This may be due to the effect of tbe Red-river and 
Raccourci cutoffs, both of which were made subsequently to 1828. Their effect in the 
vicinity of Red-river landing is strikingly shown by the table just given. 

Below the influence of Lhese cut-offs, the Hoods of 1S28 and 1858 were sensibly equal 

in height. 

No records of the history of the different tributaries in this flood have been pre- 
served, but it is known that a Red-river flood, which, according to Pro- 
fessor I'Yirshey's papers, was highest in June, was at Alexandria at least tributaries * 
2.6 feet lower than in 1811), and at the mouth of Black river, 5.0 feet 
higher than in 1850. 

The St. Francis and Yazoo bottoms were deeply inundated, being northern 

entirely unprotected by levees. swamps. 

The following facts have been collected relative to tins Hood in the Tensas bottom, 
where it was the highest of which we have even iraditiuns. The 
whole region was under water, The mean depth of overflow on tbe bottom. 
Louisiana line was 7.1 feet, or 4.0 feet greater than in 1850. Between 
V id alia and Harrisonburg, this quantity was 7.7 feet, or 3.0 feet greater than in 1850. 
At the mouth of Black river, the water stood 5.0 feet above the Hood level of 1850 and 
7,5 Feet above that of 1844. 

In tbe western part of the Atehafalaya basin the flood was the greatest of which we 
have record, for. there being no levees for several miles below the mouth Atchafa- 

of Bed river, and Shreve's cut-oil' not yet having been made, the water laya bottom . 
from the Tensas bottom poured over the banks in immense quantities. 
At tbe upper mouth of bayou Atehafalaya it was 2.0 feet above the ground and the 
Bood level of IS50; at the mouth of bayou de Glaae it was 4.5 feet above the ground 
and the Hood level of 1850; at tbe mouth of bayou Uuurtublwiu it was 4.0 feet above the 
ground and 3.0 feet above the Hood level of 1850; at the head of Grand lake it was 4.3 
feet above the Hood level of 1850; and at Brashear City, 3.0 feet above the same level. 
The overflow extended to the extreme western limit of the alluvial formation, instead 
of only 6 or 8 miles from bayou Atehafalaya, as in ordinary floods. Tiie Cunrtableau 
at Washita was at least U) feet higher than in 1850. Tbe plantations along the upper 
part of the Teche were not flooded, but the crops were lost on those within the influence 
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of the backwater from the Atehafalaya overflow, At St. Martinsville the bayou was 

some 15 or 20 feet above low Water, (lie usual range being only 3 ol' 4 feet. 

The eastern earl of tin- Atclmlidayn basin, indeed the whole region bordering upon 

the Mississippi below the. head of this basin, seems to have nearly 

Vntrv 6r escaped damage; the only exception being the Grosse TSte region, which 

was deeply flooded by backwater from the Atchafalaya overflow, and by 

a break in the grand levee of the parish of l'ointe Coupee near Morganza. 

Character of Flood &f 1844. — The information collected respecting fcbia flood is 

information meagre, but still sufficient to establish its general history. (See plate 

respecting this -... , 

flood. v ll -> . 

A considerable rise occurred in April, ('mm a freshet in Arkansas 

se ' river, which poured into tlie Mississippi when that stream was already 

high from rains prevailing in the valleys of its upper tributaries. This rise below 
Napoleon only attained a level of from I to 2 feet above the natural bank, and con- 
sequently did very little damage. 

lu May, howjever, before the lower river had subsided, another and ranch greater 
flood In the Arkansas river occurred. It was second only to the Hood 
of L883, and was highest at Fort Smith on May 25. A corresponding 
rise, doubtless due to the same general causes, attained its height at St. Lonis on May 
22, and did much damage above the mouth of the Ohio. Simultaneous rises occurred 
in bay* at Ma»;uu and bayou Tensas, but they were not of sufficient height to injure the 
valleys of those streams. In the region bordering Upon the Mississippi itself, how- 
ever, the effect of this combination of Hoods was serious. Above the mouth of Bed 
river the country was more or less Hooded, hut lied river being fortunately low, the 
Atchafalaya carried off enough water to protect the plantations below the mouth of that 
stream from serious damage. 

This was the condition of the river in June, when the great combined Hood ot the 
Upper Mississippi and the Missouri, which has rendered this year me- 
morable in river annals, occurred. At St. Louis it exceeded the preceding 
rise by more than 8 feet, and all other Hood* of which we have records by more than 4 
feet. The daily gauge-record at St. Louis, given in Appendix 11, furnishes all necessary 
details for that vicinity. Throughout the whole alluvial region, except between Napo- 
leon and New Carthage, where the local effect of tbc preceding Hood in the Arkansas 
was predominant, tins Upper Mississippi and Missouri flood produced the highest 
water of the year. 

The country above the mouth of I led river was generally Hooded, The St. Francis 

and Yazoo bottoms were nearly unprotected liy levees, and the water 

thTflood.° ' im '- "'" '""WW- free entrance. The Tensas bottom was badly inundated 

through breaks in the levee-. The gauge kept by Mr. Mandeville (sea 
Appendix B) shows that, at his plantation, situated where the Vidalia and Harrisonburg 
road crosses bsiyou Tensas, the water was at its greatest height from duly 18 to duly 21, 
and that it was then 1.5 feet higher than it has ever been since, except in the Hood 
of I860, Below Bed-river landing the country escaped with but little injury, owing 
to the very low stage of Rod river, which allowed the Atchafalaya to carry off the 
greater part of the surplus discbarge of the Mississippi. 
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Fi'jod qf 1S49. — The only gauge-records kept during this Hood are those at Mem- 
phis (plate VIII) and at Carroll ton (plate IX). The former indicates observations 
that the river was undergoing constant oscillations, but without attain- made during 
ing its great Hood level. Its highest stand occurred about the middle of flood. 

February, when it was &3 Feet below the high water of 1:858, In the hitter part 
of March it again reached nearly the same level. At these dates it was folly 3 feet 
higher than at any other period of the yea?. According to Lieutenant Marrs gaugings, 
the discharge ill no time exceeded 900,000 cubic Beet per second. By referring to the 
table just given, showing the relative heights of the floods, however, it is evident that 
the gauge at Memphis does not present a fair view of this flood in the upper river. At 
jioints near the mouth of the Ohio and at Helena it lacked only 1 or 2 feet of the level 
attained in 1858, a fact winch indicates that much water must have passed Memphis 
through the St. Francis bottom and returned again at Stirling to swell the flood below. 
tSuch was reallv the case, as stated by residents near the mouth of the St. Francis 
river. 

The gauge at t'avrollton indicates that the river rose nearly to high-water mark h> 
the latter part of January, and remained there, with occasional oscillations, until the 
ftlifldlfi of May. It then gradually declined until the hitter part of July, when a second 
rise of short duration and of much less height occurred. The water then fell with 
unusual rapidity to its lowest stage for the year. 

Unfortunately, the history of the condition of the different tributaries during this 
flood is so defective, that it is impossible to trace the sources of this Hood. 
It is known that there was a flood in the Arkansas, winch was highest tributaries, 
at Fort Smith on June 9 ; and a very great flood in Red river, the 
highest, indeed, of which we have records, which came to a stand 4 feet above the 
natural bank at Alexandria about the middle of August. It is evident, however, that 
other floods must have occurred in the lower tributaries, for upon no other supposition 
can the Memphis and Carrollton gauges be reconciled. 

Above Red-river lauding the ravages occasioned by this Hood were comparatively 
slight Mr. M;tnd<'\ illc; •j-jucre on bayou Tensas shows that the water 

& * TtsiVl^TCS of 

there when highest (May 10) was 1.4 feet below the flood of 1844, ami this flood. 

vt.0 feet below that of 1850, and exactly equal with that of 1S5S, and 
that it rapidly subsided after May 21. The St. Francis and Yazoo bottom lands were 
inundated, but bo :m extent not unusual for great Hood years. 

Below Hod-river landing the injury done was so immense that I lie Hood is justly 
classed among the most destructive ever known. The first great crevasse occurred in 
March, a few miles below Red-river landing, on the right bank. Soon after, several 
more hmke on the same side of the river, between Port Hudson and Donaldsonville. 
These breaks remained open until low water, and submerged much of the Atchafalava 
basin. At Brashcar City the water was over the hanks for eight days, and only lacked 
3 of a foot of attaining the same level as in 1850. On April 7 another crevasse broke, 
also on the west hank, about IS miles above New Orleans, at Fortier's plantation. 
This flooded the country between the Mississippi and bayou La Foil rche to a depth of 
about, 1 Feet, and thus submerged the rear of many rich sugar plantations. The effect 
of this crevasse upon the bed of the river has been much discussed. On the left bank, 
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a crevasse occurred on May 3 at Sauve's plantation, 17 miles above New Orleans, by 
which that city was inundated. The break remained open forty-eight days, and did an 
immense amount of damage. Many interesting details relative to these several crevasses, 
and to the Hood generally, are given by Professor Forshey in an article which appeared 
in vol. k Southern Medical Reports, edited by Dr. Fenner, of New Orleans, in 181!) 

Flood <>/ 1850. — Only two complete records of the oscillations of the river in this 
Observations Jkud have been preserved, One was kept at Memphis, and the other at 
made during Carrol! ton. Until are contained in Appendix B, and are exhibited on 
this flood. phtes VIII and IX. 

By the Memphis record, it appears that there were four principal rises, of which the 
first and second produced verv little if any damage. The third was highest in the latter 
part of March, and tin* fourth in the middle of May. The maximum discharge at Mem- 
phis in each of the last two rises was about 1,050,000 cubic feet per second, according 
to Lieutenant Marr's corrected gaugings. After the middle of May, the Hood in the 
upper river rapidly subsided, the regular dune rise being hardly perceptible. 

The records do not show what tributaries caused this Hood at the head of the allu- 
vial region, but mention is made of a great Hood in I be Upper Missis- 
Action of the • ■ i ■ t ,, , . . , , . ... ,, . , , . 
tributaries. ^PP 1 ? w),H ' n Wfl8 tiie highest on record at St. Paul. In the lower river 

the Hood began earlier than at. Memphis, being high oven on January I. 

Thb was caused by heavy rains, which produced 1'iv-diets successively in Ik- Arkansas, 
Red and Black rivers, and thus flooded the whole region below Napoleon. The water 
did not subside until the middle of June, 

The damage occasioned by this Hood was immense. The St, V ramus and Yazoo 
Ravages above hot turns were not protected by levees, and were both deeply Hooded. 
Red-river The Tensas bottom was submerged more effectually than in any year 

landing. subsequent to 1828. This was in some degree due to the heavy rains 

already mentioned, which tilled the swamp-drains before the crevasses occurred, and 
thus retarded the escape of the Mississippi water. The principal breaUs were several 
above the Louisiana line, which flooded bayou MaCOU; that at Point Lookout, just 
below Lake Providence, which was ko miles wide ami from 5 to 8 feet deep; that near 
Island 102, which was 1 mile wide and 7 feet deep; that between Lake Providence and 
New Carthage [gap in levee), 10 miles wide and aboui 3 feet deep; that just below Ivudney, 
which was 1300 feet wide; and that opposite Ellis el ill's, winch was 3000 feet wide. 
These d Inn; us Ions are only approximate, as no survey of the breaks was made. The 
history of the Hood in this bottom is well exhibited by Mr. Mandeville's gauge-record 
{Appendix B), kept on bayou Tensas at the crossing of the Vidaiia and Harrisonburg 
road. The water rose steadily until March k">. then declined slowly until early in 
April, then rose again until the middle of May, when it attained its highest point, and 
then rapidly subsided. The Hood was 1.0 leet higher than in 181 k and 8.0 feet higher 
than in 1840 and L888 at tins locality. At Trinity (marks of Major Liddell) the 
water was 1.8 feet higher than in 1844; 3.0 feet higher than in 18-10; and 3.8 icct 
lower than in 1828. At the mouth of Black river, this Hood was 3.0 leet above that of 
1844, and o.O feet below that of LS2S. After these figures, it is needless to add that 
nearly the whole region was submerged and the Crops destroyed, 

Below Red-river landing the country fared but little better. The water pouring 
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from Red river exceeded the discharging capacity of bayou Atchafa- Ravages below 
hiyn, and the surplus forced its way into the Mississippi by both of the ****wer 
mouths of Old river. The flood from above, augmented by this new 
supply, maintained an elevation sufficient to keep the numerous crevasses below Red- 
river landing actively discharging for more than lour months. As a detailed computa- 
tion of the quantity of water thus taken from the river will be giveti in Chapter VI. 
the effects of the overflow alone will be referred to here. The Atchafalava basin was 
more deeply flooded than in any other year wince 1828. At Ih'ashear City, the water 
began to rise rapidly on May 10. and continued to do so until June 20. It then stood 
at a level about S feet lower than the highest point attained in 1828 until July 4, 
when it began falling so rapidly that the laud was uncovered in 4 days. The basin 
between bayou La Fourchc and the Mississippi escaped nearly uninjured. The crops 
upon the left bank, above New Orleans, were much injured by the celebrated Bonnet 
Carre crevasse, which attained a width of nearly 7000 feet, and continued flowing for 
move than six months. 

F*fooe5o/ 1 Sol. —Plato V illustrates this flood. There were three principal rises at 
the head of the alluvial region. The first occurred in December, 1850, 
It nowhere attained to the level of the natural banks; and as several First rise of 

■j.11 i *'' us 11(10(1. 

weeks intervened between it anil the second rise, the water nearly 

drained from the channel before the occurrence of the latter. The first rise, therefore. 

exercised very little, if any, influence upon the succeeding overflow. 

The second rise, so far as can be ascertained, was caused mainly by the Ohio. At 
Columbus it attained a point about 5 feet below the high water of 1858, 
At Memphis it was highest on March 11, being then only 1 loot below Second rise, 

the level of the same Hood. This relative difference in height is explained by the 
greater amount of water which escaped into the St. Francis bottom lands between the two 
places in 1S*)S. This rise was characterized, at least at Memphis, by the extraordinary 
rapidity with which it attained its height. From February LO to February 21, inclu- 
sive, the river at that city rose 21.7 feet, or at a mean rate of 1.8 feet in 24 hours, the 
iiuiximum in this time being 3.3 feet. The total rise amounted to 28 feet. At Helena 
the highest stand was 4.8 feet below the high water of ISoS, an apparent anomaly, 
which is explained by the tact that, at the date of high water in 18o8, a large volume 
of water escaped into the St. Francis bottom above Memphis, passed through the 
swamp, and returned to the river just above Helena, whereas, us just seen, in 18-31 
but little water escaped from the river above Memphis, and consequently but little 
returned to it near Helena. At Napoleon the height of the rise was modified by a 
freshet in the Arkansas, which, pouring out just after the maximum discharge from 
above had passed, produced, on April 10, the highest water of the year in the imme- 
diate vicinity. Its height was 2.9 feet below the high water of 1858. At Lake Provi- 
dence the effect of a very large crevasse at Point Lookout, just below the town, was 
evident. The break occurred on March 10, when the water stood 2.1 feet below the 
bigh water of 1S-">S. A gradual fall in the river at Lake Providence began at that thite. 
precisely as occurred from a similar cause in 1S: J( S. On April 10 (the date of high 
watei rtf Napoleon) this fall amounted to 2.6 feet. All of this fall should not bo con- 
sidered the effect of the Lookout crevasse, since there were others between the two places, 
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especially on the left bank; but its influence was predominant. At New Carthage the 
river was at its highest point from March 31 to April '2, inclusive, when it stood L§ feet 
below the high water of 1868. The difference in date and in relative height of the flood 
at this place and sit Lake Providence is attributable partly to water which returned 
to the Mississippi from the Xazoo bottom by way of the Yazoo river, where the current 
was credibly reported to be very strong, and partly to the local affect of the crevasses 
near Lake Providence. At Red-river landing, the Hood was nt its height l'roni April I 
to April 8, when it stood (1.7 of a loot nfiun- the high water of 1858. The reasons for 
the anomaly in the height of the two Hoods at this place and at points below, as com- 
pared with points above, have hcen fully developed by the operations of the Survey. 
They are too involved for discussion in this preliminary synopsis, but in Chapter VI 
they are treated at length. Here it is sufficient to state in general terms that the com- 
bined influence ol' a great flood in Red rivet, and of some erevassea above and below 
the mouth of lied river, produced all the apparent contradictions. The. last table, on 
page 171, exhibits the heights and dates of the highest water in this rise at points 
below Ked-rtver landing. 

The third rise of the Hood of 1851 was caused by a combination of great floods in 
the tipper .Mississippi and .Missouri. The rapid rise at St. Louis began 
in the latter part of May, the river being, on May 31, l">.7 feet below 
the high water of 1844. On June G it was 10.1 leet; on June 7, 8.6 feet; on June 8. 6.8 
feet; and on June 11,4.8 feet, below this level. The hitter stand was the highest 
attained during the flood. A gradual decline, amounting hy June 10 to about 1,1 feet, 
took place, but at this date the river again began to rise, and continued to do so until 
June 23, when it stood 0.3 leet below the high water of 18-11. or 0.5 of a Foot below the 
preceding rise. Subsequent to June 23 it gradually declined. Excepting the floods of 
1844 and of 18-58, this was the greatest Hood at St. Louis of which we have records. 
The hood of 1868 was 0.4 of a foot above that of L851. At ('ape Girardeau the good 
of 1851 exceeded the ilood ol' L858, being 0.4 of a foot higher. Fortunately for the 
alluvial region, however, the Ohio river and the main tributaries helow it were low at 
this period, and the tloud passed onward tu the gulf without attaining the level of tin- 
preceding rise at any point below the mouth of the Ohio. The following table exhibits 
the relative heights of these two rises: — 
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$e» E»uge-rpoorde in Appendices tttt (tarthw 
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Ravages of 

the flood. 



The Ya/.oo bottom was partially flooded by the second rise, and the 

St. Francis hy both the second ami third rise-* of this Hood. The 
Tensas bottom escaped with little injury, the natural drains being suf- 
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Hcient ttt carry oft' the crevasse water. Below Red-river landing there were several 
crevasses, a list of which is given in Chapter VI. The damage occasioned hy them 
was local. The Atchtrfalaya basin escaped unharmed, 

In conclusion, it may he said that this was a very unusual Hood in the Mississippi 
above the month of the Ohio and below the mouth of Red river) bat that between 
those points it cannot be so classed. So far as Louisiana is concerned, it is fully dis- 
cussed in Chapter VI. 

FlO&d of 1858. — By reference to plate VI, it will bo seen that in the flood of 1858 
there were four great rises, besides several minor oscillations, at the 
head of the alluvial region. The first rise, caused mainly by a Hood in this flood ° 

the Ohio, occurred in December, 1857. It Idled the Mississippi to 
about the top of the banks, but no water escaped over them into the swamps. The 
maximum discharge at Columbus was 1,190,000 cubic feet per second, in passing 
down the river, this rise received considerable contributions from the Arkansas, Yazoo, 
and Red rivers, which were all high at the time, and thus raised the water at Donald- 
sonville from a comparatively low stage to within 5 feet of high-water mark. The 
St. Francis and White rivers were low and were backed up. It was stated upon good 
authority that heavy drift-wood passed from the Mississippi several miles up both those 

rivers. 

The second rise occurred in the latter part of March and first part of April, 1858, 

and was caused by a general swelling of the lower tributaries of the . 

i tt >i" ... , ,, i , . -, ■ ,. ,, Second rise, 

Missouri, of the Upper Mississippi, and ol the lower tributaries ol the 

Ohio. The Illinois and Wabash rivers were especially high. The maximum discharge 
at Columbus was 1,130,000 cubic feet per second, and no water escaped to the bottom 
lands above the town. Between Columbus and Helena, the swamps on the left bank 
received a little water, but as the levees along the, St. Francis bottom remained 
unbroken, and as the river rapidly subsided within its banks, the quantity was quite 
inconsiderable. This rise was higher than the first, although the discharge was less; 
the reason being that the rise in December was consumed in Idling the channel of the 
lower river, which contained comparatively little water when it occurred. In passing 
St. Francis river, the March rise was augmented by a discharge of more than 80,000 
cubic feet per second— that stream being high from rain in the swamps and from hill 
drainage. At the mouths of the White and Arkansas rivers, it encountered great 
floods in both streams, which produced the highest water of the season in that imme- 
diate vicinity. The Yazoo river, also, was high from a Hood in the Yallabusha and 
Other hill tributaries, and thus contributed its quota— some 70,000 cubic feet per 
second— to increase the Mississippi discharge. The Red river was rather low and 
added nothing, but it prevented the Atchafalaya from reducing the ilood. During this 
rise considerable water escaped, through gaps in the' levees and crevasses, into the 
White river and Yazoo bottoms, a little into the Tensas swamp, but none below, except 
a I rill hi"' amount which passed through the Bell crevasse, near New Orleans, after 
April U, the date of its breaking. The Americandjcud cut-off occurred in this rise 

(April 5). 

The third great rise in the upper river occurred in the latter part . 

of April, and was caused by heavy rains which Hooded the lower tribu- 
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times of the Missouri, of the Ohio, and of the- Upper Mississippi. The Tennessee 
river was unusually high, 'flic maximum discharge at Columbus was 1,260,000 cubic 
Feet per second, and as the overflow into the bottom lauds above the town was small, 
this quantity truly measures the flood which entered the alluvial region. It received 
considerable contributions in passing each of (be main tributaries, although all of them 
except the lied river were comparatively low. Their supply came from the swamp 
drainage proper and the crevasse water which had escaped during {he preceding rise, 
and wlijcli returned Justin time to swell the present one. If this rise bad occurred 
two weeks sooner, it would have encountered a great Hood from the Eed river, and its 
effects in the actual condition of the levees would probably have been disastrous in the 
region below Red-river landing. As it was, the rise proved unfortunate for the region 
above this point. The channel being nearly filled by the remains of the preceding rise, 
and the draining of crevasse water from the swamps, the increase of the discharge 
caused by tiie Hood mostly poured into the St. Francis and White-river basins. 
Although comparatively little of this flood entered the Yazoo and Tensas bottoms, 
yet the rise prevented many of the breaks in the levees fnjni Ix-'hlg closed, anil thus 
indirectly augmented the ruinous effect of the next rise. 

The last, and greatest rise in the Hood of 1858 occurred a( the head of the alluvial 
Fourth and region in the mouth of June. About the middle of May extensive 

memorable rains prevailed in the Ohio valley, and occasioned much damage by 

me< flooding the small streams. They also prevailed west of the Ohio basin 

and caused a rapid rise in the lower tributaries of the Upper Mississippi ami Missouri. 
These rains continued, especially in the States of Ohio. Indiana, Illinois, and Missouri, 
raised the Miami, Wabash, ami Illinois rivers to unprecedented heights, and filled all 
the lower tributaries of the Missouri. The usual June rise of the latter river, occa- 
sioned hy the melting of snow in the Rocky mountains, and the spring and early sum- 
mer rains along its course, arrived just in time to contribute its waters to the general 
Hood. "With the Ohio and Mississippi both in full flood, the torrent which poured into 
the alluvial region hy the river itself and through the swamps above Columbus, was 
immensely greater than in any of the earlier rises of the year, and second to none of 
which we have records. For seven days (June 1 G— 22) it amounted to 1,475,000 cubic 
feet per second. It inundated the eily of Cairo. It washed away miles of the insig- 
nificant h-vees along the St. Francis front, and poured rapidly into the bottom lauds of 
that river, which were already deeply overflowed from heav\ rains and from the cre- 
vasses of the April rise, So small was the actual reservoir capacity of that region that 
the channels of the six large bayous and of the St, Francis itself were insufficient to 
give water-way to the Hood, returning to the Mississippi. For miles above Stirling, it 
poured over the banks themselves, washing the remains of the levees into the river. 
It passed like a great wave through the swamp, causing the deepest overflow ever 
known. Collecting again, in this manner, at Helena, in about tWO Weeks after it 
entered the alluvial region, it poured with renewed force upon the lower country. In 
the While-river swamps, the same conditions existed as in the Si. Francis bottom. 
The Yazoo and Tensas bottoms, on the contrary, were comparatively empty, owing to 
the general resistance of their levees in the former rises, and served in some degree as 
reservoirs to diminish the height of the tlood below. The former was deeply inundated. 
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although the Yazoo river was returning more than 125,000 cubic feet per second during 
the whole rise. The latter escaped almost entirely, its bayous being suflieient to cany 
oil' the limited amount of crevasse water, and discharge it into Bla'k river, whence it 
passed down bayou Atehafalaya. Below Red-river landing, the levees remained 
unbroken, except at the Bell and La Branche crevasses, which submerged the country 
between the Mississippi and bayou La Fourche. Fortunately the Upland tributaries 
below the Ohio were all low during this great rise, for to this circumstance alone is due 
the escape of the lower country from general overdo w. 

The June rise terminated the flood. At the head of the alluvial region, the river 
fell rapidly to low-water mark, being only retarded by a slight rise 
which occurred in July. The water that drained from the great o/tte flood" 

St. Francis and Yazoo bottoms maintained the flood discharge at 
points below them for about six weeks; after which the lower river also subsided 
rapidly to its lowest stage for the year. 

Flood of 1850. — By reference to plate YJ, it will be seen that this flood was char- 
acterized by two principal rises at the head of the alluvial region. The 
first, which occurred hi December, 1858, was due entirely to a general this floo(i 

swelling of the tributaries of the Ohio. In passing down the Missis- 
sippi, it received important accessions from the Arkansas and Red rivers, which were 
both high; but it nowhere attained the level of the natural banks, and consequently 
produced no direct injury to the country. By filling the channel of the lower river, 
however, it exerted an important influence upon the succeeding rise. Its height and 
date were as follows: — 

First rise i/i the flood of 185!). 



Lnciliir. 






h. iv, una.'*. 



Cnlunihus . 

M [iliif ■- 

Napoleon .. 
Vicksburg. 
Nutcliei .... 



1SW, 



It i>d -river landing. 
Donftldse&YilU ■■ ■■■ 

Ciin"«lllutt 



December "iT-tiS 
January 1, 1R59, 
llrai'iulter 23, IH.'iH. 
January 5-7, 1858. 
Jnnnwy 7, 18-V.i. 
January 7-10, !*"A 
.1 ILIUM it 1^. 1830. 

January 12-13, 1859 



FtH. 
11.4 

4,;. 

S.T 

rs.7 

7.8 

8.!t 
•VJ 

:■[.:! 



The second and great rise at the head of the alluvial region occurred earlier, and 

remained at its height much longer, than is usual. It consisted of three 

" . . Second rise, 

successive swells, which followed in such rapid succession as to prevent 

any material fall of the river between them. The (irst of these swells was occasioned 

by great freshets in the southern tributaries of the Ohio, which produced a flood in that 

river. At Louisville, the rapid rise began on February 15. After an actual rise of 

37,5 feel at the foo( of the falls, the river reached, on February 24, a point above any 

flood subsequent to 1854, and only 2 feet below the great flood in March of that year. 

It stood 32 feet on (he falls at Louisville, or L0 feet below the highest water ever known. 

The Missouri, the Upper Mississippi and the northern tributaries of the Ohio were in 

excellent boating condition, hut not, properly speaking, in flood. This swell in the 

Mississippi at Columbus was highest on March 7, when it was 2.0 feet below the high 
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water of 1858. After a gradual subsidence of 4,3 feet, the river at this point again 

rose under the combined influence of a series of freshets in the lower tributaries of the 

Upper Mississippi and Ohio, until, on April 1, it attained a point only 0.6 of a foot 

below the former swell. It then again gradually receded until, on April 2o, it had 

fallen 4.0 feet. It at once began to swell again, however, from a general flood in the 

Ohio valley, which attained its height at Louisville (o feet below the February rise) on 

May 2. This produced the highest water of the season at Columbus, where, on May 8, 

the river stood only 2.1 feet below high water of 1858. It fell immediately about 9 

teet, when a sudden freshet in the Missouri and Opper Mississippi brought it to a stand, 

but only for alhtut two weeks. It then again rapidly and finally subsided, being only 

checked about three weeks, in the latter part of Jane and first part of duly, by the 

mountain rise of the Missouri, aided by a great freshet in the Upper Mississippi; 

Such h the general history of this flood at the head of the alluvial region. Only a 

small quantity of water escaped from the river into the St. Francis 
Explanatory re- , , \ , , , ,.,, . . , . . , . , ., 

marks upon tMs bottom above Coin in bus. I In- highest pomt attained there was more 

flood, above the than 2 feet below the level of the flood of I SOS, and (he maximum dis- 
cbarge into the alluvial region was at least 200,000 cubic feet per second 
less than in that great Hood. (See Chapter VI.) 

By reference to plate VI, it will be seen that the three swells, which constituted the 
,.„ ,. great rise at Columbus, became blended into one at Memphis, and thus 

At IHCIllpflls. 1 J.l_ ■ a ■ f 

caused the river to remain for eighty eonsemiive days within ahont a foot 
of high-water mark. Tin's anomaly was due partly to tin* reservoir action on the channel 
between these two places, and partly to the loss of the water which escaped into the St. 
Francis bottom at the top of the swells, ami thus passed .Memphis, not in the river-bed 
but in the swamps. The highest point attained in 1S">!) was II. I of a foot below the 
high water of 1858, a difference doubtless accidental. The dwaiien of the high stand, 
however, m far from the gulf, was unprecedented; and if explains many apparent con- 
tradictions in the history of this peculiar flood. Bbr about eighty eonnectUit>e days, cw 
much miti-r i atrial ihr dv.hn wjion as could pass Memphis in the channel ufthv riser in tin 
present ram/if ion of f/ir levees. Consequently, freshets in tin 1 lower tributaries, which, 
under the usual varying condition of fcfae Upper river, might pour into the Mississppi 
and pass off unnoticed, must have exercised n most important influence upon local high- 
water marks in this contimiom flood of the upper river. Such was actually the case. 
To exhibit the anomalous character of this long duration of extreme high water at 
Memphis, the following table has been prepared from Appendix 15: — 

Stand of tfu river at Memphis t« different floods. 



i" i ■■■■-I nt kfamphbi 
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01 



Itomnrkii. 



HigllHl wuli-r-timi'kl fflfiS) 

r,. .id* :;•'>.:.! i>ii gauge. 



At Helena. 



At Helena the river was highest on March 22, when it attained a level 

1 foot below the high water of 1858. It then gradually declined with 
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gentle oscillations, being, on April 2, 2.1 feet, and on May 14, 3.1 feet, and on May 26, 2.8 
feet below the high water of 1858. This early date of high water at Helena was caused 
by a freshet in the St. Francis river, The heavy rains, which, as already seen, produced 
the first swell of the great rise by filling the southern tributaries of the Ohio, extended 
over the basins of the St. Francis and White rivers, and caused floods in both these 
streams. The former stream was so full that the rapid rise of the Mississippi at its 
mouth did not back it up even for a day. In the latter part of March, its current was 
c red i lily reported to exceed feet per second, which woidd give a discharge of 200.000 
cubic feet per second. Much of this was doubtless returning Mississippi water that had 
escaped below Columbus, at which town the discharge at this date (plate XVII) was 
about 200.000 cubic feet per second less than at high water in 1858, Much of the St. 
Kraueis discharge, however, was undoubtedly legitimate drainage from the basin. The 
subsequent gradual fall of the Mississippi at Helena was due partly to the failure 
of this supply and partly to the increasing dimensions of the crevasses below the town. 
Between Helena and Napoleon, the crevasses were less disastrous than in 18o8. 
The Yazoo-pass levee resisted the Hood in 1S59, and the bleaks which Betwreen tlie st 
did occur were much ivwvr in number than in the preceding year. The rrancis and 
effect of this was to increase relatively the height of the flood ID 1S59 at Arkansas rivers. 
Napoleon. This result was still further promoted by the condition of the White and 
Arkansas rivers, the former of which was in ilood and the latter in good boating condi- 
tion in March, at the precise date when the freshet in the St. Francis river was produc- 
in" 1 the maximum discharge in the year at its mouth. White river was very high, 
being on March 24 about half a foot higher at Indian-bay landing than at any time in 
ISoS. This coincidence of the maximum discharge from above witli the freshet in 
White river, produced the highest water of the year at Napoleon, where, in the latter 
part of March, the river stood 0.3 of a foot above the high water of 18-58. 

Between Napoleon and Lake Providence, the number of orcv asses was about the 
same as in 1858, but the influence of the Americandtend cut-off, in Between Na . 
depressing the Mood lefel immediately above and elevating it imiuedi- poleon and Lake 
ately below, was indicated by the general exemption from breaks in the Providence. 
leyees above, and by the large number of them which occurred in the bends just below 
its site. At Lake Providence the river attained its highest stand (0.8 of a foot above 
the high water of 1858) about April 25-28. the date being doubtless affected by back- 
water from the month of Yazoo river. 

Between Napoleon and Vicksburg, the crevasses in 1858 and 1859 were about equal, 
and we accordingly find that, at the date of high water at Napoleon in Between Lake 
1869, the river had about the same relative stand [US of a foot above the Providence and 
hLdi water of ISoS) at the two places. This date, however, was not that ew r eana ' 
of highest water at Vicksburg and point* below. The Yazoo river caused this apparent 
anomaly. As already stated, the Yuzoo-pass levee remained unbroken, and the number 
of crevasses in the tipper peart of I If "bottom (which alone drain past Yazoo City in Yazoo 
river) was materially less in 1859 than in 18o8. Yet we find that at Yazoo City, on 
March 17. the river was rapidly rising; on March 25, it lacked only 4 feet of the high 
water of 1858, heavy rains in northern Mississippi, with freshets in Yallabusha and Talla- 
hatchee rivers, being also reported \ on April S, the tlood was equal to that of 18-jS, aud, 
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on April 15, with far less water from the Mississippi, it was half a foot ahore that level. 
By May 20, the river had fallen 0.9 of a foot at Ysizoo City, and from that date it con- 
tinued to recede slowly. This rain-water freshet in the Yazoo river, encountering the am- 
Hmmih maximum channel discharge from the head of the alluvial region, produced at 
Vicksburg, and many points below, the highest Hood level ever yet recorded. High water 
occurred at Y'ickshurg on April 21, continuing to April .'JO. and was l.:J feet above the 
high water of 1S5S; at Natchez, on May 2, and was 1.2 feet above the high water of 
I s">S; at Baton Rouge, on May (5, and was 0.5 of a font above the high water of 1858; at 
DotnildsonviUc. on May G, and was 0.5 of a foot above the high water of 185S; and at 
Carroll ton, on May 0, and was 0.4 of a foot above the high water of 1888. lied river 
was low during this entire tlood, and it is probable that bayou Atehafalaya, besides 
carrying off the river and crevasse drainage from the Tensas bottom lands, relieved the 
Mississippi by the channel of Old river of some part of its surplus discharge. Owing 
to the absence of the gentleman who bad formerly kept the gauge at Red river, how- 
ever, no definite information as to this flood at that point has been collected. 

No reconnoissance of the crevasses of this year was made, and the information col- 
lected respecting them is, consequently, somewhaj vague. Especial atten- 
thiTflood 3 m *' um ' however, has been bestowed upon collecting all available data,, and 
the following list is helieved to be tolerably exact, and — for the region 
below Napoleon at least — nearly complete — 

Oreva&sea in the flood of 185$, 



I.'.imMI.I- 



Hank. 



Opposite mouth of Si. Fimici* river. 

Opposite Helena ..„,.... 

Nrar Friar"! point 

Near Island ufi , 

Below Inland <;* 

I'.elow Island TJ ,i , 

Al l*rcnti*s 

Near [aland ?H , 

MH off t\ roen v ill B., ....... .................. 

In OH river; American bend 

In Kentucky bend 

Above bland kk 

lielnw Island 89 

Bob* Tallula ........ 

Opposite Wand 100 

Below Island 102 

Bend above Vicksbtifg 

Opposite Vickslnu'tf ... 

s.- it- Warren ton 

Sen I- W arrow on 

Near Warren inn...... 

Opposite Inland nil 

Above [aland iw; 

lb law New Carthage 

Aimve [aland nn 

Above (iritnd (iulf ,,,., 

Ni'ftr Island llo .„, 

Above Kllis clinv , 

u..ivi' I'uri Adams 

Itel.iw- Kel river landing 

In mile, above Union HoURO .... 

In llnnnoi ("line band 
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Left. 

Left. 

Left. 
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Left. 

Led. 
Left. 
I.etl. 
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Right, 

belt. 
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1 : i ■ • ■> , t 
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Bight. 
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Right. 
Bight. 
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is.ni. i. 
Ki(tht. 
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Right. 

Ki K bl. 

Lett. 



l. 



I lull- of tnvafttt 

prior !.■ M hi i b 
1'ii "i- in March 
Prior to March - i, 
Ptlar I" March 30. 
Mai-eh 20. 
I'riur to March 26, 
U I. ih 17. 
Prior to March ii& 
I'll-, i.. March 81. 
I'rior to March SI, 
In March, 
|'i ii.r in Miiinli 1 K 

Prior i" March 2G 

More). 1 I. 
March I", 
Inril 17. 
March .'I. 
March 9, 
April ao. 
March 80. 
April to, 
March 81 
April '.. 

■■ 1. 1 April *J"' 
May I. 
\p-ii a 
April R, 
Ajiril Jn 
April US 
Vprtl 1 1. 
Prior to May S. 
April 10 



Remiirti*. 



Had break. 



'.tiH) feel wide ; niuoli eicavntion. 



Seteriil brnaks. 

Maximum width, 8000 ft,: depth, g ft. 
Hosed May 21 

Maximum Width, limo feet. 



Mai. .icpih, !> ft.; max. width, I0IM1 fl 
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It will be seen, by referring to plate VI, tbat the river subsided unusually early, a 
fortunate circumstance, which enabled many planters to raise fair crops 
even in tbe inundated districts. The general ravages of the flood may thiJ flood ° 

be summed up as follows : The St. Francis bottom was overflowed, but 
to a much less extent than in 1858. Above the mouth of White river, the Yazoo bot- 
tom escaped with comparatively trifling damage, but below that point it was deeply 
flooded. The White-river bottom lands were submerged. The Tensas bottom lands 
above Columbia escaped uninjured, but below that town they were badly overflowed. 
Below Bed-river landing no serious damage was done, except on the left bank in the 
vicinity of Bonnet Carre, where the country was flooded by a crevasse which occurred 
at the lower end of the site of the celebrated break of 1850. 

In conclusion, it may be said that the flood of 1859 was peculiar in many respects, 
and that many erroneous deductions have been made from it by those 
possessed of only a Limited knowledge of the important facts bearing ^marks.^ 

upon the subject. The preceding statement of the actual condition of 
the river and of its tributaries is authentic, and, as will appear in Chapter VI, it explains 
perfectly all the apparent anomalies presented by the flood. 



CHAPTER III. 

STATE OF THE SCIENCE OF JIYDRAULIC8 AS APPLTED TO RIVERS. 

Early history of hydraulics.— Epoeh of Gngllelmitii.— Era of rnoetero experimental investigation.— New system of 
notation, — Various methods nf measuring tbe velocity of liven. — Velocity below tlm Bnrlttco in any given ver- 
tical plane. — Horizontal curves of velocity.-— ttoe nwun velocity. — I'licxy formula.— Diiluml formula. — liiraril 
formula, — Ds Prony formula, — Bytelwrin formula. — Ywim formula. — Local IVniiiLt: of Lomb&rdmi, — Weistiacb 

formula. — •Bsw'rag&Fteo furmula.— Duymit formula.— Looul formula of Mllci. — Tayrtor formula. — daiui. Ywnutt 
formula, — lillol formula. — Stevenson formula. 

The solution oi" that great problem, the best method of preventing the overflows of 
the Mississippi, exacted difficult measurements ami extremely intricate 
chapter! computations. In connection with it. a careful examination of all 

writings upon hydraulics that were within reach was made, to ascertain 
precisely the present shite of that science; a list of the prinoipal publications upon the 
subject, with a brief synopsis oi' those parts of their contents that, are connected with 
the present problem, has been prepared for future reference, It will lie found* from this 
that the laws which govern the How of water in natural channels were only partially and 
imperfectly developed; hut, as a knowledge of those laws was essential In the determi- 
nation of the plans of protecting the Mississippi valley from inundation, the investiga- 
tions of the Delta Survey, conducted with that object, in accomplishing it, have neces- 
sarily contributed to the advancement of the science of hydraulics. An account of these 
investigations will be presented in full detail in the two following chapters. This 
chapter is devoted to a brief notice of published works, which is partly Original and 
partly compiled from similar notices by Kennie, Lombardini, Storrow, and others, and 
from the various encyclopedias. 

OUTLINE OF THE HISTORY or HYDRAULICS APPLIED TO RIVERS. 

Earlier hixi<>rtf. — Practical acquaintance with the general laws of (lowing water pro- 
Early historv of t,,, '' t " 1 ' il ", v knowledge of hydraulics as a science, and, even after Home of 
the science of its fundamental principles had been discovered by Archimedes, the pro- 
gress of the science was almost imperceptible for ages. It is probably 
because the complicated nature of ils problems renders ;m extensive knowledge of the 
mechanics of solids essentia! before their solution can be attempted, that no abstract 
discussion of the subject in the writings of the early engineers is Ibund. even when 
describing hydraulic works, which, like the Roman aqueducts, remain to this day unsur- 
passed in extent and magnificence. Although Rome in 4.0. 98 was supplied with water 
by nine aqueducts whose aggregate length amounted to 250 miles, and whose discharge 
( 18.1) 
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was 27,000,000 cubic feet per day, still hydraulics was not considered entitled to 
the rank of a science until about the fourteenth century. At this time the difficulty of 
navigating the mountain streams of Italy, the devastating effects of their floods, and 
the continual litigation arising from the precautionary measures adopted to restrain 
them, drew the attention of philosophers to the subject. The invention of the canal 
lock was the result of their labors, and marked a new era in hydraulic engineering,* 
Several canals were constructed, and many more projected. In fact, the new invention 
for a season withdrew attention from rivers and concentrated it upon canals. 

In the seventeenth century the science of hydraulics began to assume a rapidly pro- 
gressive character, a change attributed to the influence of Galileo, although he person- 
ally contributed little to the subject. 

In 1628 a valuable treatise upon rivers was published by CastelU, a disciple of this 
great master, who investigated the subject by direction of Pope Urban VIII. He first 
introduced the velocity as an element in estimating the discharge of a river. 

In 1643 another pupil of Galileo, the celebrated Torricelli, discovered that, abstract- 
ing all resistances, the velocities of fluid veins flowing freely from small 
orifices in a reservoir are equal to those of heavy bodies which have Torricelli s 

fallen in vacuo, distances equal to the depths of the orifices below the 
water surface; that is, they are proportional to the square roots of these depths, whence 
he deduced his fundamental theorem, destined to become the basis of a general theory 
of hydraulics, that, neglecting resistances, the velocities of fluids in motion are in the 
sulxluplicate ratio of the pressures. He also endeavored to trace an analogy between 
such spouting fluids and rivers, and argued that the acceleration of the currents of the 
latter is due to the slope of their surfaces. 

Several contributions to the science were made by Pascal, in lus works published 
between the years 1046 and 1663. 

In 1005 contests among the inhabitants of the Chiana valley induced the govern- 
ments of Koine and Florence to assemble a scientific congress to report upon the best 
method of disposing of the water of the stream which occasioned the disputes. Many 
theoretical essays upon river improvements were the result, but little of value was 
added to the science. 

In 1684 the great workt of Mariotte appeared. It was published after the death of 
the author. Adopting Torrtcelli's parabolic theory of Hawing water, he discussed many 
problems in a masterly manner, but the chief benefit which he conferred upon the 
science was to point out by his numerous experiments the only true method of investi- 
gating the subject. 

E } m-1i of GufjlielminL— The works of Gu<rliehnmi, (he great master of the Italian 
school, appeared near the close of the seventeenth century. Adopting (wiieimiai. 

the theorem of Torricelli, ho perfected the celebrated parabolic theory 



* The lock was lirst applied to the canal leading from the Tieino to Milan, upon which the stone For the construc- 
tion of the cathedral, which bw been nearly five centuries ha process of erection, uas transported. In that city the 
first lock W04 built, and it renmins at the proscat day unimpaired liy time. To il Leonardo da Vioei, one of the many 
architects employed u|>on the cathedral, made the first application of his: invention of the mitre-sill gate M the lust 
facade of the fifteenth, or the first of i lie sixteenth century. (LoinbardinL) 

t Trull* «lu Monveuient dus Euux. 
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of rivers, which may be briefly stated as follows: Any particle .<' feet below the surface of 
a fluid ma,^s will have a tendency to move with the same velocity with which it would issue 
from an orifice in the side of a reservoir, x feet below the surface of the lluid contained 
in it: that is, with the velocity it would acquire in falling x feet >» vaeutf } a velocity 
given by the formula V= (2//./')^. Hence if a vertical line is drawn through the point 
and made the axis of a parabola whose vertex is at the water surface and whose param- 
eter is equal to four times the distance through which a heavy body will pass in the 
first second of its fall, the velocity with which the particle has a tendency to move will 
be shown by its ordinate. 

According to this theory the velocity of any particle of water in a river will he equal 
to thai acquired by a heavy body which has Mien from n state of rest tJi rough a dis- 
tance equal to the distance of the particle below the plane of the surface of its source, 
produced. 

The legitimate consequences which result from this theory are all contrary to obser- 
vation, and the fact that it waa adopted by so many eminent writers shows how entirely 
the science was separated from observation at this period of its history, (luglielniini 
was sensible of the great discrepancies between Ids theoretical and the practical laws of 
rivers, and endeavored to explain them, His works have given him the chief place 
among the Italian hydraulic engineers of his time, 

Newton, in his Principia, discussed the friction of fluids on solids, and the discharge 
through orifices in reservoirs. Some of the conclusions at which he arrived were shown 
to be erroneous, and he materially, although not sufficiently, modified them in (he 

edition of 1714. His contributions to hydraulics, although important, were much less 

valuable than those to other departments of science. 

The Marquis Polcni published a work* in 171 S upon the discharge of thuds from 

orifices, which was bused upon numerous experiments. He was the first to discover 

that the discharge through an orifice in a thin plate may be increased by adapting to it 

a small cylindrical tube. 

In 1725 Varignon published bis ingenious work on hydraulics, in which be reduced 

the opinions of Gugliehnini to algebraic formula), but added no new ideas of consequence 

to the science. 

Several papers upon hydraulics were submitted to the French Academy, by Pilot, 

Error of the between the years 1730 and l~.'JS. in one of wbieh, published in 1732, 

adopted theory he detailed (he results of a series of experiments upon \elocities at dif- 

deinonstrated fejent depths, made by means of the 1uIm> wbieh bears his name, ex peri- 
bv observations i 

with Pilot's meats which demo ust rate the fallacy of the parabolic theory of flowing 

tube. wnU-v. 

The results of a noted series of experiments by Couplet, upon the discharge of the 
water-pipes at Versailles, were published in the Memoirs of the French Academy in 
17i!2. About this time the works of many Italian writers of celebrity appeared. 
Among these may be enumerated Grand!, Manliedi, Zeudrini, Frisi,| Zauutti, (leu- 
nette, etc. 



In QnsteUti per qua DwiWWtoT Fluvhmmi Aqua*. 
t On Rivers ami Torrents, trsiualuUM t,y Omen) GamUu. London, 1818. 
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Tu 1738 the work 8 of Daniel Beruouilli appeared. In it he applied Bernoulli 

the principle of living force to the motion of fluids, and thus originated school, 

one of the schools of hydraulics. 

In 1742 the work of John Bernomlli appeared, containing an exposition of his 
theory of flowing water, upon the study of which he had been long engaged. His 
results did not differ materially from those of his son, although deduced in a different 
way. 

The celebrated writings of d'Alembert appeared between 1743 and 1752, works 
which have been considered of value to the theoretical science of hydraulics. 

Lecchi, an engineer of celebrity, published, in 1765, a very complete work at Milan, 
in which he discussed the various theories of flowing water. 

Profound theoretical papers by Euler, upon the motion of fluids, may be found in 
the Memoirs of the Academy of St. Petersburg, for the years 1708, 1701), 1770, 1771, 
but they have little practical value, as he assumes a mathematical fluidity as the basis 
of his system. 

Era of experimental infMujathn, — It was reserved for Professor Michelotti, of Turin, 

ami the Ablte Bossu t, of Paris, to inaugurate a nnw era in hydraulics, „ 

. i . ? i l i ■ • i Lt « i ii-i -i Commencement 

by establishing, as a lundamental principle, that lortnuUo must be deduced f the era of 

from experiment, and not from abstract reasoning. The former, in experimental 

1701, undertook an extensive series of experiments, under the patron- mves lga ""^ 

age of the king of Sardinia. The results were published,-}- in detail, in 1774. The 

latter, under the patronage of the French government, made numerous experiments on 

a less scale than his rival, but better adapted to solve practical questions. The results 

were published from 1771 to 1778, and have been of very great value to later writers 

in deducing constants, and testing formulas. 

From this epoch may be dated the origin of the modern school of hydraulics. 
Earlier writings now possess comparatively little importance to the practical engineer. 

In 1775 M. Clic/.v, a celebrated French engineer, first attempted to express by an 
algebraic formula the laws of water in motion, taking into account the 
effect of the retarding forces. £££^ft. 

In 1782 Belidur published his voluminous work| on hydraulics. city in terms of 

In 1784 two papers, on the expenditure of water through large ^sj^and 
orifices, and on the junction and separation of rivers, were published in cross-section. 
the Memoirs of the Academy of Science, at Toulouse, by M. l'Espi- 
nasse. 

In 1779 appeared the preliminary edition, and in 1780, the completed work§ of 
M. Dubuat, upon which he had expended the labor often years. Start- Dubuat , s t 
ing with the law that, when water flows uniformly in any channel, the W01>k 
forces which keep it in motion are equal to the stun of all the resist- 
ances, Dubuat reasoned that the true method of deducing a formula to express the laws 
of water in uniform motion was to find by experiment algebraic expressions for these two 



* Hydrodynamics sen de Virilius ct Motibus PtUtdoruU) Commcntavii. Strsfiburg, 
t Speriensw Idraiiliftic 
t AivUitLTtuve Hydrauliqui*. Paris. 

8 Principe! d'Hydruuliijiio Writies pur un Grand Ntanbre tTExpSricncea, faitcs par Oi'dre de Uouvernemenl. Au 
enlarged edition, enlk'd E'rineipes d'Uj'drnuliqne et tie Pyrodyuainiipie, appeared in islli, 
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equal and contrary forces am] equate them. This lie did in a manner tliat beautifully 
illustrates Daniel BernouillTs empirical method of generalizing natural phenomena, lie 
established the principles that the motive force of each particle of water in a river is 
due entirely to the surface slope, and that the resistances are due to viscosity and the 
friction upon the bed. First proving that a close analogy can be traced between the 
motion of water in pipes and in rivers, he proceeded, by many ingenious experiments 
Upon pipes, and logical deductions therefrom, to determine values for these various 
quantities, until finally he produced a formula, which, although complicated, is appli- 
cable to most problems of water in uniform motion. In his treatise lie fully illustrated 
the manner of its practical application, discussed the general questions interesting to the 
hydraulic engineer, and, in tine, produced a work which is still of standard authority 
in the science. 

Id ITS 7 a valuable work* on hydraulics, by Bernard, appeared; based in part upon 
the theories of Dubuat, Bossut, d'Alembert, and licruouilli. 

In 1789 and LTOO Briiningst made some important experiments upon velocity at 
different depths. 

A work;j; upon hydraulics, in four volumes, by Woltmann, appeared at Cbttingen 
between the years of 1791 and 1799. 

In 1797 Fabre published a work§ on torrents. 

Venturi published a memoir, in 1798, giving the results of a series of experi- 
ments upon the contraction of the tluid vein, in which, among other questions, he 
discusses the effect of eddies in rivers, and shows that they are a cause of retardation to 
the current. This paper was translated by William Nicholson in 1799, and published 
by Thomas Tredgold in his "Tracts on Hydraulics," 

In 1800 Coulomb published a paper, || in which, after an elaborate investigation of 

«.,.., the laws of friction between (hiids and solids, he shows, besides other 

Coulomb s law. 1.1,1., , * \ *• *z ■ u 

results, tbat the resistances may Ik- represented by a function const sting 

only of two terms, one containing tin* first, and the other the second, power of the 
velocity, lie did not, however, apply this most valuable discovery to equations repre- 
senting the movement of (lowing water. 

In lSUl M. Kytelwein published a large work^f on hydraulics, which has been 
translated by Nicholson, besides receiving a detailed notice from Dr. Young in the 
Journal of the Royal Institution. The writer lultuwcd the methods of Dubuat in 
discussing the motion of water in open channels. 

In ISOo M. Girard** first applied the law of Coulomb to the motion of water (lowing 
It is applied to '" °P en l 'l ut,1II0 ' s * deducing a formula much more simple than that of 
water flowing ia Dubuat, lie wrote several other articles upon hydraulics, more espe- 
opea channels. jjjgjjy treating id' canals, and made many valuable experiments. 



* Nouveaux PriotijM (HIy<lru«lii|ue, 

t Knr la Com mimical km lAt6r*1 iln Moiivinm-iii-n du finite 
t Hi'ilrUv'ir /in- Hyilruiilwclii'ii Amliitcktur. 
\ 'rMorie ilea Tnrivni.i at RMfcrw. Poris, l~97. 

|| Expfirienw* destines ii Octcrmiiu'r In OobfrttUM dc* Flaidn* i>l 1« Lefe-de tan Itwi«t»iu'CM <1ihi* 1cm Mihivi 
meats ires I.cntes, 

\ Bftudbttch iter Mfcluinik iitu) dfir Ujdrunlik. 

** Rapport but lu I'rujcl (.Jtneral du Cmml du lOnn . ( . 
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The next, writer of note upon the subject was M. de Prany. His first work* con- 
tained nothing relating to rivers. His second work-}- upon hydraulics 
appeared in 1802. In this he discussed the methods of gauging by De Prony's 

weirs, reservoirs, etc., and determined valuable formula) for the dis- 
charge through vertical and horizontal orifices. It is, however, his third work, J 
published in 1804, that has placed him among the chief writers upon river hydraulics. 
In this work he begins by discussing the laws which govern a system of heavy bodies 
moving in circumstances similar to those of fluids in uniform motion. He then modifies 
his results by introducing the condition of lluidity. He next shows, by discussing 
experiments, that as indicated by Coulomb, the resistances may in practice be repre- 
sented by an expression involving only two terms, one containing the first, and the 
other the second, power of the mean velocity; but that, contrary to the results of both 
Coulomb and Girard, these terms should be affected by independent coefficients and not 
by a common one. He then proceeds to discuss various careful observations of Dubuat 
ami others and to deduce from them the values of these coefficients for pipes and for 
canals and for either indiscriminately. This he does by employing two methods given 
by La Place in his Mecanique Celeste, and, finally, by a general etpialiwition of dis- 
turbing causes. He explains how to simplify the calculus of La Place, in deducing 
these values, by some ingenious diagrams; discusses Dubuat's formula for obtaining the 
mean velocity, etc., from that at the surface; advances a new formula of his own for 
this purpose, etc., etc. This work must always remain a standard authority upon the 
uniform motion of water in pipes and open channels, and it is much to be regretted that 
it is now entirely out of print. 

Another paper§ upon the subject was published by M. de Prony, in 1825, giving 
methods of simplifying computations by his formula), etc. 

In 1S04 Lecreulx published a work|( upon the formation of the beds of streams. 

In the Memoirs of the Italian Society, 1807, a paper by Focacci appeared, detail- 
ing the results of certain measurements of velocity below the surface. 

In the Philosophical Transactions of the Royal .Society for 1808, a paper by Dr. 
Thomas Young was published, giving new formula) for flowing water. 

In 1808-9 a work'f upon hydraulic architecture, by Funk, appeared. 

In 1809 experiments were made by MM. Mallet and Vici, upon the discharge of 

water-pipes. 

In 1813 M. Krnvenhoif presented a very full collection of tables of observations^ : 
upon the topography and hydrography of Holland, a work whose value j^^^ 
will be only increased by time. He made a few detailed measurements observations 
Of discharge, slope of surface, etc., determining the velocity at various jjon^tb^rivert 
distances from the banks by noting the time of transit past a base line, 
of vertical fioa^polcs extending from the surfnee nearly to the bottom. This work con- 
tains extensive tables of the slopes of the rivers in Holland, records of gauge observations 



* Nuiivclle Architecture Hydraulique (Brat volume published in 1790, and second in 17%). 

t Bui lc .1 mileage dea E«13 Con mules. 

I BachwchM riivMi'<i-m:itlitamti<!ties siir la Theorie dos Eanx Conrantes. 

\ Efccneil deCiii<i Tables ponr EadHter t't 4brfgM les ('ulmlsdcs l-Vitiules ReliUife au JffOTYHBettl des Kan s, etc. 

II Reelicichos tur In Formation et ['Existence ties lluissenux, Rivieres et Torrents. Paris, 180-1. 
H Beitftge Kur Htk'titn-iii'ii WafSfifbanknnst. 

** Recaell des OlwemtleM Hydnwliipjcs el Topogr&pbiquea faites en Hollands, ts;i:>. 
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upon them referred to a common datum-piano, etc. A similar work upon the Missis- 
sippi, bearing the same date, would now be of very great value. 

In the Memoirs of the Academy of Berlin, 1814, 1815, articles by M, Eytelwein 
appeared, giving his celebrated new values to the constants in de Prony's formula?, etc. 

In two memoirs, presented to tbe Academic Roy ale des Sciences, in 1815 and 1816, 
M. Jlachette treated of the form of fluid veins. 

In 1810 Girard read before the French Academy an elaborate work* upon the Nile, 
This paper was accompanied by a diagram showing the readings of a 
Girard upon the dftily gau „ v kcpt for the years' 17l>I>. 1800, and 1801; being the first 
graphic representation of the kind on record. 

In 1820 a second work was published by Piiuk.f upon the hydraulics of rivers. 

In 1821 Esclver de la Liuth read a paj>er| before tbe Helvetic Society of Natural 
Sciences in Basle upon the upper Rhine. Modifying the discbarge given by Eytel- 
we'm's formula by a few measurements of surface velocity, be prepared a scale of dis- 
charge adapted to a daily gauge-record, and thence deduced tbe annual discharge from 
1809 to 1821 at Basle. 

In 1822 Brewster published a large collection of philosophical writings^ by Kohison, 
which contains (in vol. II) papers upon tbe resistances of fluids, rivers, etc. Tin- 
article upon rivers chiefly consists, after a brief historical notice of the subject, of an 
extended synopsis of Dubuat's great work, whose view* Robison in the main adopts. 

In 1822 de Pro ny published his well-known work|j on the Pontine Marshes. 

In 1822 General Bernard and Lieutenant-* Lionel Totten, then constituting a Board 
Report upon the °^ Engineers, submitted a report upon the Ohio and Mississippi rivers 
Ohio and Missis- to thv Colonel Commandant of the U. S. Engineers. This report was 
sippi rivers, transmitted to Congress ami nrinted,TJ but without the accompanying 
maps. It contains much definite information about the falls of the Ohio and about the 
bars below them, of which there were then twenty-one. The remarks upon the Missis- 
sippi arc in less detail, but the accompanying series of manuscript maps made by (Jap- 
tain Young, Captain Poussin, and Lieutenant Tuttle, furnishes an admirable model fur a 
river reconnoissanee. They are now on file in the Bureau of Topographical Engineers. 

lu 182;! a valuable collection uf Italian papers upon hydraulics was published at 
Bologna. It was a continuation of the Italian collection noticed by Abbe .Maun in the 
Philosophical Transactions, 1770. 

Iu 1821 M. Bidone presented a paper 131 * upon the flow of water over weirs. 

In 1821-20 .M. R&UOOUrt made his celebrated experiments upon 
Raueourt upon £j ie ^ t , va w lien frozen and when open. These were partially tested by 
MM. Destrem and Ilenryvf-j* 

* Observation* sur la VaMe d'Egypte Gt mi Exhansaemeal rj&jnlaire Au s,ii qui la Kruonvro, ftU-ui. do I' Acad. 
deaSei. 1SI7. Paris, 181?, 

t Vuu iIit Bewi'jruug des Wussors iu Strom- und Flu sh bet ten Rodin, 1h21. Mo. 
X Fur u ii ejttraot, see Bibllotooa Universal* di Ginawa, 1821. 

\ Senium uf Mechanical (»hilosnphy by .John liobisuu, wil.li OOtM bj hnvid Hrewater; in dmr volumes null u 
volume uf plntos. Kdiu burgh, 1hT2. 

|| Description HydrographlqiMi et Hisiorifjuc 3ei Mania Posting, Park 182% 

II fieport of tlio Board uf Engineers on On- Ohio and Miwiasippi rivem. from u Examination made to (no iiimilli at 
Beptomboii October, Morenbor, nd Pooosifco?, LSXL Washington, i8'j:t, 

# * Mi'-itiuirijs tie 1' Academic de* SHoneea do Turin. 

ft Journal ili-s Vvm di' ('iiuimiinivalion, 183(1. Si. IWrsboiirg. 
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M. Poncelet published, in 18*28, a work* treating of water in per- Tlieorv _* «.-„_ 
mancnt motion, that is, while moving with an established regimen manent motion" 
through a canal whose area and slope vary within limits, introduced. 

In the same year M. Belanger published his noted worlcj- upon water in permanent 
motion, containing an original formula based upon assumptions more nearly analogous 
to the condition ol" water flowing in rivers than any which had preceded it. 

In 1829 M. Genieys published a practical treatise j' upon water-works, in which lie 
treated of various questions interesting to the hydraulic engineer. 

In 1S2G and 1827 a series of experiments upon discharge through various kinds of 
orifices was made by M. Bidone, and in 182!) he read two papers — the first giving the 
results of the experiments, and the second, the theoretical deduction from them — to the 
Academy of Sciences at Turin. 

In 18al Girard published an elaborate report§ upon the Canal de 1*0 urcq, which had 
been under his direction. In this report ho treats theoretically of the movements of 
flowing water. 

hi 1831 Laval submitted a project for the improvement of the navigation of the 
river Midouze, based upon the principle of deepening the channel by confining the cur- 
rent between artificial banks of a peculiar kind. This paper is to be found in the 
Annates des Pouts et Chaussces, 1831. Its author gives the data collected when gauging 
the river during a Hood in 1n2(J, bat without any satisfactory details. 

In 1827 experiments were begun at Mete upon a large seale to establish the princi- 
ples of. and fix the values of the constants in, the formulas for water j^ p once i e t 
flowing through orifices. The work was performed under the patronage and Leshros 
Of the French government., by MM. Poncelet and Lesbros. A paper experiments. 
upon the subject was read before the Academic des Sciences in 182 l J. The report|| was 

published in 1 s; j2. 

In the Journal of the Asiatic Society, 1832, appeared a paper by Everest, upon the 
earthy matter and volume of water brought down by the Ganges at Ghazipur, Bengal. 
He considered the annual discharge to be about Gi trillions of cubic feet, the contribu- 
tions of sedimentary matter being about 6 billions of cubic feet. 

In 1820 M. Defontaine began a series of observations upon the Rhine and its tribu- 
taries the results of which were published^ in 1833. These are among 
mui«», ion !«■«■ i .1 _ . ,i i .. -$ Defontaine upon 

the most valuable contributions ot modem times, train Due numnti oi the m^. 
experiments and the detailed information upon the different methods in 
use for conducting works of river improvement. The object of these works was to pro, 
tect the banks from caving, and the surrounding country from overflow during floods. 
They were of two classes, temporary and permanent. The former consisted ot works 
to close chutes by inducing deposits of sediment, etc., which, being of no service alter 
their object was accomplished, were m ade of pe rishable materials. The latt e r consiste d 

* i tmn tie MfcftBiqne fell a 1 ' !-■• - -■- ' a'Artilleric de Mete. 

K h Bolton Nnmtriq™ de toel^e* Problem™ nfelife au MouTemont Permanent <fcs Eaux CWtfMiteft 

1 lS am le* moyen* & Oondnlw, dtfm* ot de Dbtrlbaer tea Km* Paris. 



' l,W2 AIM L-nriHii'K-.l l.v Lohros. Paris, lail. 

Vrnuaux 'lu Ebm. See 8.1*0 Annate dtt. Pouts et Cliuuafci. Menv 18S8. 



Ifl2 REPORT ON THE MISSISSIPPI RIVER. 

of levees and either solid revetements or breakwaters, to secure the hanks when exposed 
to caving- The details of the construction of these different classes of works are very 
fully set forth in the memoir, together with a mass of exact information about the Rhine 
itself. The dimensions of the levees are far greater than those of the Mississippi levees, 
being about 10 feet thick at top, with a slope of one upon two toward the river, and one 
upon one and a half toward the laud. The top is made with a very gentle transverse 
slope, so as to drain inland the rain which falls upon it. The heights of the levees are 
calculated so as to be a foot and a half above the highest floods. Even those targe 
levees are not considered sufficient. Strips of grass-land are left on both sides, CJ feet 
wide on the outside and 3i on the inside, reckoning from the foot of" the elope of the 
levee. Willows and poplars are planted at the outside edges of these strips of grass- 
land. When the levees are more than about 7 feet high, a substantial inner and outer 
banquette is added to guard against filtration. Where the current of the river would 
be liable to act upon the levees, its force is broken by large and strong traverses, placed 
from GOO to 1000 feet apart, and guarded, if need be, with fascines. Defontuine made 
a few careful measurements of discharge, with a view to test the various formuhv for 
mean velocity, but he did not publish his results in this memoir, except to state in a 
general way that the usual formuUe for deducing the mean from I he surface velocity 
gave too small a discharge. His experiments upon velocity below the surface will be 
mentioned elsewhere. He advocates, for improving the Rhine, first, the cloning of all 
chutes, so as to confine the river to a single channel; and second, the reduction of all 
straight lines in the river's course to curved. The reason for the latter recommendation 
is that in a bend the caving is limited to one bonk, and it can therefore be more cheaply 
prevented than when a double line of defensive works is necessary. 

The Reports of the British Association for 1833 and 1834 contain two interesting 
articles by Mr. Bonnie, upon the progress of the science. He also details some experi- 
ments of his own, upon the friction of fluids upon solids. 

Papers treating of water in permanent motion were published by de Saint-(5uilhein 
in the Memoirs of the Academy of Toulouse, 1 K:>4 and lS.'iii. 

In 1834 a general treatise* upon hydraulics was published by IVAnlmisson dc Voisins. 
A second edition appeared in 1840, A translation of the work, by Mr. J. C. Bennett, 
was published in Boston in 1852, all the formulas being adapted to English units of 
length. Tli is admirable treatise is well known to engineers, 

hi 1834 M. Desehamps published a memoir! relative to the improvement of navi- 
gation on the rivers in the southwest of France, especially on the Garonne. Two years 
later, lie added a supplement,;!.' devoted exclusively to the navigation of the Garonne. 
These works treat especially of canalization, low-water dams, etc. etc. 

In 18:jij M. Destrem published a col lection of memotrs§ on various 
the Neva UP ° n subjects, some of which had already appeared in the .Journal des Voies 
de Communication. One of (hem treated of a careful gauging of the 
Neva river and of its various branches, conducted by himself) 
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In 1835 a work* was published by Mr. Charles S. Storrow, containing a short histori- 
cal sketch of the progress of hydraulics, with demonstrations of various formulae proposed 
by different writers, their practical applications in the construction of water-works, etc. etc. 

In the A nn ales des Fonts et Chaiisse.es, 1836, appeared a memoir by M. Borrel upon 
the improvement of the navigation of the Garonne and other rivers which How over 
gravel beds through alternate rapids and pools. 

In the same volume is a long and detailed article upon the theory of water in per- 
manent motion, with several practical applications, by Vanthier. 

In the same vol nine, M. do Coriolis treats of the same subject. 

In the publications of the Academy of Sciences of Bologna in 1836 are three me- 
moirs by M. Venturoli, giving a discussion of a daily gauge-record of the Tiber, kept by 
himself at Home, for eleven years, together with corresponding discharges computed with 
EytcUvein's formula;, assuming the slope to remain constant. 

In 1830 Tredgold published, with notes, a collection-]- of short papers on hydraulics, 
viz.: Smcaton's experimental papers on the power of water and wind to turn mills; 
Venturis experiments on the motion of fluids (1798); and Dr. Young's summary of 
practical hydraulics, chielly from the German of Eytelweiu, (The latter first appeared 
in the Journal of the Royal Institute, 1802.) 

A series of careful experiments upon flowing water was made at Toulouse In 183-5, 
by Castel, and published in the Annates de Chimie et de Physique, vol. LXII. Paris, 
1830. Also in Memoires de V Academic des Sciences de Toulouse, t. IV, 1837. 

M. llennocque made a series of measurements and observations upon the Rhine, 
near Strasburg, in 1839. 

AI. Baumgart.cn did the same upon the Garonne between the years 1837 and 1S4G. 

In 18 H) M. Dausse obtained the Monthyon premium for a paper inserted in the 
Compies Rendus de 1' Academic des Sciences, 1841). It was chielly a discussion of a 
large collection of statistics of the principal rivers of France, collected with a view to 
throw light upon the best methods of improving their navigation. 

1„ Ks-iu Lombardini prepared a treatise! upon the basin of lombardinL . 8 
the Po, which was published in the third volume of the Pohtccmeo work j 

di Milano. ... . 

In 1843 a second article^ appeared in the sixth volume of the same publication. 
Other papers from the pen of this distinguished hydraulic engineer have, from time to 
time, appeared in the Journal of the t It. Mtuto Lombard* di Science, Lettere ed 
Arti. Anion- these are, in 1840, two memoirs, one|| upon the importance ol the study 
Of the statistics of rivers, containing a brief notice of the labors of various hydraulic 
engineers: the other^ upon the effect of takes in moderating the inundations ot rivers. 
fel852 a paper** Upon the changes in the hydraulic condition of the nverlom the 
territory of PeiTara, in which he demonstrates that levees have not raised the bed of 

* A. Treatise on Water-works. Boston, 1833. 
f Tracts «n Hydraulics. Second edition. Loudon, ifiSS. 
I itjii.ni" ft! Bjateum Wnmlico M Po. 
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the Po, although the gradual perfection of Eheir construction and maintenance wiiihin 
the last century and a half Ikls increased the height of the floods by retaining within 
the banks the water which before escaped through crevasses; and tins height has been 
still further increased, he thinks, by the mure rapid Mow caused by clearing the sides 
of the mountains of their forests. This conclusion had been already announced in his 
earlier works. In 1853 a paper* upon freeing Mantua from the inundations of the Po, 
in which he proposes, as a part of the plan, to cut off the discharge of the Mincio, during 
Moods in the Po. by a dam with gates at the efflux of lake Garda; the surplus water 
thus collected to hi- used to increase the deficient discharge of the river Mincio at low 
water. This writer, wbo is well known as one of the first hydraulic engineers of the 
age, also prepared Chapters IV and V of the first volume of the "Notizie Natural) e 
Civili si i la Lombard ia. Milano, 1844." They treat of tbe natural and artificial 
hydraulic condition of Lombard y, and are replete with Information statistical and 
scientific. Among other tables are two containing the monthly discharges of the Adda 
and the I'o tor many years, computed from known gauge-readings by original formulas, 
which will soon receive further attentions This paper, together with those already 
named, published in 1840 and 1843. were reproduced in a condensed form by M. Ilaum- 
gacrten in tbe Annates diss Punts et Cbaussi'cs. 1817. 

In 1841 a workf was published by Mr. W. A. Brooks* treating chiefly of bars and 
other obstructions to river navigation. In the appendix the author published a report, 
prepared by Murray in 18-!:i, upon the improvements in the river Clyde. 

In the Annates des Ponts et Chaussees, IS 11, may he found an article by M. Laval 
upon a great freshet in the river Saouc, which occurred in the preceding year. It is 
complete and interesting, especially for showing the very sensible effect of bridges in 
increasing the height of the Mood. 

In 1841 M.Surell published a paper! upon the torrents of the Alps, in which, among 
other things, lie demonstrates that forests exercise a very important moderating effect, 
and advises the cultivation of growth on the mountains for this purpose. 

In 1S42 M, Vallee published a memoir^ upon converting lake Geneva into an arti- 
ficial reservoir for the surplus Hood waters of the Rhone, and eventually using them to 
improve navigation in the liver in seasons of low water. 

In the Annates des Ponts ct ChansscVs for 1842 appeared an elaborate paper by 
Dausse upon downfall of rain and the influences of forests upon rivers. 

In ISC! M. de Ihiffon published a very complete work|| upon irrigation, in three 
volumes, the first being historical ami descriptive in character; (he second treating of 
practical questions of distribution, construction, etc.; and the third discussing the 
administration, etc., of irrigating canals. Chapters XI \ and XV {contained in vol.11) 
especially treat of the gauging of streams. In the former tbe writer, after a cursory 
notice of the forces acting upon water in motion, and of I lie great difficulties to he 
encountered in deducing a correct formula for the mean velocity, refers to the formulas 
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proposed by Chezy, Dnbuat, and do Prony. He finally adopts de Prony s formula with 
Eytelwein's coefficients as the most accurate known, and proceeds to indicate the 
method of applying it to a few practical problems. In Chapter XV he treats of 
methods of actually measuring the discharge, lie mentions several of the ordinary 
instruments for determining tlie velocity, hut expresses the opinion Unit the float, from 
its simplicity, is superior to them all. After explaining the methods in common use for 
gauging very small streams, he proceeds to give, in great detail, a statement of the 
method adopted in gauging the Tiber at Pome on June 19, 182L; considering that in 
every respect a model to be imitated. The method was, in effect, that adopted by 
Krayenhoff, hut carried out with greater exactness both in the field work and in the 
computation. 

In 184-1 M. Boumceau published a work* upon the prevention of obstructions to 
navigation at the mouths of rivers, in which he advocates the use of diverging walls. 

M. M. Smnet published a workf on hydraulics in IS to. 

M, Weisbaeh, in a work on mechanics, published at Freiberg in 184b, treats very 
fully of hydraulics; a subject winch he had made an especial study. This work was 
translated;}; in 1848 by Mr. W. P. Johnson. 

In 18(7 M. Surell published an elaborate work§ upon the improvement of the 

mouths of the Phone, giving an historical sketch of previous works, a „ „ 

, . . .. .... , . L , , ' Surell upon 

discussion OJ the feasibility, expense, and advantages ol deepening the the mouths of 

channel at the mouth by closing all but one of the branches, and a the Ehone - 

project for a canal to admit vessels to the river, independently of the natural entrances.' 

M. Dupuit published in 1848 a treatise|j giving the results of an original and pro- 
found theoretical study of the laws of Ho wing water. Tins important 
work appears to be very little known in this country. It treats fully upUi s wor ' 
of the laws of water in unilbrm and permanent motion and contains a discussion of the 
regimen of rivers well worth)' of study. 

In the Annales des Poms et Chaussees for 184S will he found a summary of the 
results of a series of experiments made at Itoanne to test the truth of some curious 
indications of the formula- for water in permanent motion. The experiments were 
conducted and the article prepared by MM. P. Vauthier and L. L. Vmithier. 

The Annales des Fonts et Chaussoes tor 1848 contain a long and exceedingly inte- 
resting memoir by M, Baumgarten upon a portion of the Garonne, with 
an historical notice of the various works ot improvement executed upon tlie Q artmne , 
the aver and a discussion of their effects. The writer treats of the 
topography, geology, and meteorology of the valley; the character of the bed of the river; 
the movement of its gravel, sand, etc.; its sediment; the slope of surface, both local and 
general] the duration of the different stages of the river; the temperature of the water; 
the discharge; the navigability, etc., etc. He reports some interesting and unique mea- 
surements upon the transverse section of the water surface at a nearly straight portion of 
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the river {width about GOO feet), both when the water was rising awl falling. When rising, 
at the rate of about 5 feet in twenty-lour hours, with a maximum velocity of about 7 feet 
per second, he found the water in the middle to be about 0.4 of afoot above that on the 
right bank, and 0.1 above that on the left. When felling, at the rate of about S feet in 
twenty-four hours, with a maximum velocity of about 7,-~> feet per second, the witter sur- 
face was sensibly a plane, being at the right bank a little less than 0.1 of a foot above 
its level at the opposite .side of the river. The velocities at the banks are unfortunately 
riot given in either ease. 

In the proceedings of the American Association for the Advancement of Science, for 
1848, may be (bund an interesting paper by Mr* Andrew Drown, detailing the results 
of a series of discharge and sediment measurements conducted by himself upon the Mis- 
sissippi river at Natchez. A supplemental paper appeared in (be same proceedings 
in 1853. 

In the proceedings* of the American Association for the Advancement of Science, 

,, ... 1849, is contained a report by Lieutenant Marr, U. S. N., upon cer- 

Jnarr upon tne . ,,,:.... , l 

Mississippi: tain observations upon the Mississippi river, conducted by hnusoll, at 

first series. Memphis, Tennessee, during the months of April. May. dune, and duly, 

1S49. This rejxwt was presented by Lieutenant Maury. U. S. N\, at whose instance 

the observations were directed by the Secretary of the Navy. It contains tables giving 

the daily gauge-reading, daily discbarge, daily mean temperature, weekly evaporation, 

and daily rain from April 1 to July 1;"), 1848. For a purl of the time the temperature 

of the river-water at surface and bottom is added. To determine these discharges a 

cross-section of the river was made, and subdivided into three partial areas. The surface 

velocity in each of these areas was measured by anchoring the boat and using a "chip" 

and line. During calm weather the relative velocity near the bottom was also measured 

by comparing the velocities of a surface float and a double float whose lower portion, 

composed of a tin vessel, was sunk nearly to the bottom. The discharge was found by 

taking the sum of the products of the partial areas by the "average" velocities in them. 

The temperature of the water at the bottom was found to be the same as at the surface. 

The velocity near the bottom was to that nt the surface in the ratio of Litis to 300. The 

average downfall was 0.1 1 inches and the average evaporation from the surface of water 

of considerable depth, ft. 13 inches daily. 

In 1S49 Mr, Filet submitted to the Smithsonian Institution a memoir containing 
some valuable statistical information relative to the physical geography 
Ohio UP ° n 6 °^ tne M's^ittupi'' valley, together with an argument in favor of apply- 
ing the reservoir system to the improvement of the navigation of the 
Oil in and other rivers.f 

In 1819 appeared (he second edition of a collection of tables;; by M. ('huidel; which, 
among the formulas, etc., relating to hydraulics, contains some brief extracts from 
Dupuit's work upon the laws of Ho wing water. 

In Dr. Feimcr's Southern Medical Reports, vols. I and II (1849 and I860, pttb- 
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lished in New York and New Orleans) will be found articles written Forsliey upon 
by Professor Forsliey which contain interesting tacts relative to the tlie Mississippi. 
flood* of the Mississippi river in 184!) and lS->0. 

In 184 i the French govcrnnient authorized M. Boileau to make & very extended 
scries of hydraulic experiments, at Mete. The results ol' the experi- _ ., 
inents upon discharge by weirs and orihecs were published IB the tended experi- 
.Imnnal tie l'Eeole Pohytechnique, in 1850, The detailed report^ meats ' 
giving the results of seven or eight years of labor, appeared in 1854, It contains many 
original formula?, and is :i work of much value to the science. 

In 1850 a report to the legislature of Louisiana was made by a joint committee on 
levees. This document was published, and contains valuable information. Among the 
papers accompanying it is a "Memoir upon the Physics of the Mississippi River," by 
Pn (lessor Forsliey, illustrated by several diagrams. Many other valuable papers upon 
the Mississippi river are to ho found among the public documents of Louisiana. 

In L851 Mi-. Ellet submitted a report to the Bureau of Topographical Engineers, War 
Department upon a survey made by himself under its direction to 
determine the best method of preventing the ovcrtlows of the delta of Mississippi. * 
the Mississippi. This paper constitutes part of Ex. Doc. 20, 1st Session, 
32d Congress. Occasional references to it will he found in different parts of this report. 

In iS'iI was published a workt by Mr. T. J. Taylor, upon the laws governing the 
action of rivers, with an especial application of them to the Tyne. A discussion of the 
effect of the running water upon the bed itself constitutes the greater part of this book. 
The writer deduces, without naming the originators, Dubuat's formula for the velocity 
at. the bottom in terms of that at the surface, and Chexy's formula for the mean velocity, 
adopt in"' 100 Ew the experimental coefficient He subsequently proposes an original 
formula for the mean velocity, which will be given in the proper place, lie advocates 
for the' improvement of the Tyne a prolongation of the hanks by means of two piers to 
be carried out upon the bar to the point where the along-shore tidal currents are 
divided lv felt; mid the closing, by a solid quay, of Yarrow Slake and the Coble Dean 
Indentations, tracts of low land, which serve as reservoirs at high tide. By these 
means he expects to increase the velocity sufficiently to deepen the bed in the lower 
portion of the river at least 6 feet _ _ 

In 1801 M. de Saint Venant published a work* on hydraulics, contain nig original 

views and fonnnha _. 

A second series of observations upon the Mississippi river was made by Lieutenant 
Murr in 1*30-51. iu accordance with instructions from the Secretary of Marr u ^ oa the 
the Navy. His report constitutes Appendix B of the third volume of ****£ 
d» t . Washington Astronomical Observations^ The system adopted tor 
measuring the discharge waa identical with that already described in noticing his earlier 
aborB Ero in a limited series of rough observations upon the relative velocity of sur- 
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face floats and double floats whose lower parts were sunk nearly to the bottom, Mr. 
Marr decided to deduct in all cases a little mure than one-tenth from the discharge com- 
pated from the surface velocity alone. The investigations made by the present Survey 
indicate that this method of computation must give materially too small a discharge, 
and that the results obtained by using the surface velocity Uncorrected are much nearer 
the truth. One-ninth should therefore be added to each of the tabulated discharges. 
The measurements were made daily from March 1, 1850, to February 28, 1851, and 
the results presented in a table giving for each day the gauge-reading, discharge, tem- 
perature of the air, temperature of the river-water, evaporation from bodies of water of 
considerable depth, and amount of rain. The annual discharge (corrected by adding a 
little less than one-ninth to that reported by Mr. Marr) was 15 000 000 000 000 
cubic feet. The annual evaporation was 43..TT inches and the annual rain 49.47 inches. 
The mean temperature of the air was G0°.44, while that of the river was (jQ°.06. Mr. 
Marr preserved the sediment contained in two quarts of water taken daily from the 
central part of the river surface. At the end of the year he found the bulk of this 
sediment was to that of the water from which it was taken as 1 to 2050. Although 
the two series of observations conducted by Mr. Marr wx'W made in addition to his 
ditties as Acting Master of the Memphis navy yard, they probably constituted, at their 
date, the most extended series of actual measurements ever made upon any river. 
Although made in a somewhat rough manner, and exhibiting considerable discrepancies 
when closely analyzed, yet they answer well the general purposes for which they were 
designed. 

In 1851 a report upon the subject of deepening the channel at the mouths of the 
Mississippi, made by Mr. C. fillet, Jr., to the Bureau of Topographical Engineers, War 
Deportment, was published by Congress.* 

Mr. Francis published a work-]- in L855, giving the results of some extensive 
experiments upon the Jlow of water over weirs ami through short, rectangular canals, 
together with trials of certain hydraulic motors. The experiments were made at 
Lowell, Massachusetts, at the expense of the manufacturing companies of that city. 
The velocity of the water through the canals was determined by Karon KniycuhofTs 
method, namely, by noting the time of transit over a given distance, and the paths, 
of long tubes so adjusted that they floated upright, with their lower ends very near the 
bottom, and their upper ends above the surface. From these data, Mr. Francis deduced 
the mean velocity, and hence the discharge, since the area of the section was known. 
A careful comparison of this method with that by weirs gave a small excess in favor 
of the former; but the experiments were not sufficiently numerous to give a reliable 
coefficient of comparison. He subsequently determined this coefficient by a very 
extended comparison of experiments, and ha- kindly comniunieated it. although yet 
unpublished, to the Delta Survey. If will appear in discussing the observations of 
M, de Button upon the Tiher. in Chapter V. This method was tested even when the dis- 
charge amounted to over 1000 cubic feet per second. To test M. de Ibony's formula 
for the relation between surface and mean velocities, the surface velocity was measured 
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by floating balls of wax, two inches in diameter, and tbe mean velocity determined 
from the discharge given by a weir measurement. Tbe formula was found to give a 
result materially too small. 

In 1855 Mr. Herman Ihiupt published a pamphlet upon the improvement of the 
Ohio river, advocating a low dam and chute plan. 

In the Annate ties Pouts et Okauss&s for 1857 is to be found an article hy Gras 
upon the torrents of the Alps. 

The same volume contains a record of some gaugings of the Arve mid Khone by 
Chaix. The sh.pe of the water .surface, unfortunately, was not noted. 

In the Journal of the Franklin Institute (1867) there are papers upon the improve- 
ment of the navigation of the Ohio river, hy Mr. FJwood Morris, and Mr. Miluor 
Roberts. 

In 1858 Lombardini published a memoir upon the recent inundations in France 
and the means proposed to remedy the evils thereof. 

in L858 Dupuit published a small work* upon floods, which contains an able argu- 
ment in favor of the levee system. A note upon the flood of the Loire in 1S4G by 
Pnulango, which originally appeared in the Annales des Fonts et Chaussees, 1848 is 
added as an appendix, after receiving a somewhat severe criticism from Dupuit. 

In IS'jS Mr. Charles Filet, Jr., submitted to tbe James river and Kanawha com- 
pany a report upon a survey made by himself to determine the feasibility of improving 
the navigation of (he Kanawha river by artificial lakes. This report was published.f 
Attached to the appendix are to be found the details of an accurate gaugin" of the 
Ohio at Point Pleasant, just above tbe mouth of the Kanawha river, on November 2(1, 
L858. 

In 1858 Mr. David Stevenson published, as a separate treatise,.! an article prepared 
by himself for the eighth edition of the Jin cyclopedia Britannica, upon "Inland Navi- 
gation." In fins he treats at some length of canals, rivers, the effects of tides upon the 
hitler, works of river improvement, the formation and reclamation of land, etc. In the 
chapter devoted to the physical characteristics of rivers, the writer gives a comparison 
of the accuracy of certain formula* for meau velocity , determined by applying them to 
very careful measurements made by himself upon a small stream, and by Dr. Anderson 
upon the Ta\. The toiinuke selected were Duhuats (erroneously called Kobison's), 
riie/.y's, with two new coefficients, proposed respectively by Leslie and lieardmore 
(erroneous!) called Leslie's and lieardmore s formulae), Ellet's Mississippi formula, 
and DuhuaiV formula for deducing the true mean from the maximum central surface 
Velocity. The conclusion derived by Stevenson from this comparison and others, is 
thai none of tin* formula arc w ggrwmU$ applicable," and he adds (page 44), *<Wc have 
seen I hat the formula applied to the Mississippi by Mr. Ellet does not apply to such 
rivers as the Tav. or to smaller water-courses; and until the result which be has given 
has been compiled with the discharge obtained by actual measurement of the velocities 
at different parts of tic cross-section, we do not think that the discharge of the Missis- 
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sippi, which has been calculated by Mr. Ellef. can be relied on as very accurate." Ho 
proceeds to propose a formula which will be noticed in the proper place. 

In 1800 M. Thomassy published a work* upon the geology of Louisiana, in which 
he gives an account of the various charts of the mouths of the Mississippi, many his- 
torical and geological facts and other interesting matter connected with the river. 

In his annual report for 1S00, Mr. J. K. Duncan, Chief Engineer of the Board of 
Public Works of the State of Louisiana, presented the results of certain surveys made 
in connection with projects for improving the low-water navigation of Old-Red river. 
The paper was illustrated by sketch maps. 

In a periodical entitled De Bow's Review, published in New Orleans and Washing- 
ton, many interesting papers upon the Mississippi river have appeared from time to 
time within the past twelve or fifteen years. 

A detailed reference is not made here to the published reports of the officers of the 
Corps of Engineers and of the Corps of Topographical Engineers, upon river and har- 
bor improvements, because of their great number. They contain a large amount of 
valuable information as nearly connected with the present subject as sum*' of the 
writings named in this list. They will be found in the Executive and other official 
documents published by Congress. 



METHODS, Foinn ],.1I, ETC., IN USE fl»H GAr/GWG MYERS, 

Some of the works mentioned in the foregoing division of (his chapter have not been 
Information consulted, because they were not attainable; but most of them have 

derived from the been, and whatever related to the practical gauging of streams or to the 

preceding: works ] ;nvs governing water moving in open channels, has been carefully ex- 

now to be given. . r ~ 

a mined. This article is devote. 1 to a brief synopsis of the results of this 

examination, which, it is believed, presenta a tolerably complete statement of the [(re- 
sent condition of the subject. In order to prevent confusion, all comments are post- 
poned; and it is, therefore, to he borne in mind that the views line stated are simply 
(hose of the authors of the works referred to. 

X- to Nifsti tn a/ notation adopted. — In works treating of this subject, ambiguities 
New system of arising from imperfect notation are frequently to be found. The num- 
notation bcr of quantities considered is so great that, unless especial care is 

■ ' taken, this fault is inevitable, For this reason, the following general 

system of notation has heen devised and uniformly employed, t'nless expressly stated 
to the contrary, the unit is always the Knglish foot. 

/ = Length of a limited portion of the river. 

h = K + h u= Difference of level of tin- water surface at the two extremities of the 
distance /. 

h, = The part of h consumed in overcoming the resistances of the channel supposed to 
be straight and of nearly uniform cross-section. 
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/,,= The part of h consumed i„ overcoming the resistances of bends and important 

irregularities of cruss-section. L 

« = t = The sine of the slope; or the fall of the water surface in one English font 

considering the channel straight and nearly uniform, 
II = Full in water surface is one English mile. 

« = Area of cross-section. 

P = Length of wetted perimeter. 

f = - — Mean radius, or hydraulic mean depth. 

>', es — — = = Mean i*adius prime. 

Q = Discharge in cubic feet per second. 

» = - = The mean velocity of the river in feel per second. 

D = Depth of the river at any given point of the surface. 

d = Distance below the surface, of any given point. 

</, = Distance la-low the surface, of the fillet moving with the maximum velocity hi 

the assumed vertical plane parallel to the current. 
m = Distance below the surface, of the fillet moving with a velocity equal to the moan 
of the velocities of all fillets in the assumed vertical plane parallel to the 
current. 
A = Maximum or mid-channel depth. 
W = Width of the river surface at any given locality. 

W = Perpendicular distance from the base-line to any point of the water surface. 
w, = Perpendicular distance from the base-line to the surface fillet moving with the 

maximum velocity. 
V = Velocity in feet per second at any point in any vertical plane parallel to the 
current. When any particular plane is considered, its perpendicular distance 
from the base-line is placed below and to the left of V. Thus SW) V denotes the 
velocity at any depth below the surface in the vertical plane oOO feet from the 
base-line; „.\ denotes the same quantity in the vertical plane containing the 
maximum surface velocity, etc., etc. If the velocity at any particular depth is 
considered, it is designated by placing the perpendicular distance from the water 
surface below and to the right of the letter V. Thus, V„, V 6 , VTjp, V„, V„ ( , V M , 
denote, respectively, the velocity at the surface, that at a point 5 feet below it, 
thai, at arid-depth, that at the bottom, the maximum and the mean of the entire 
curve in any vertical plane parallel to the current. This system renders 
it easy to designate exactly the velocity at any point of the river cross-section. 
Thus, m V x is the velocity 20 feet below a poiut on the surface at a perpendicular 
distance of I DO feet from the base-lino. 
U = Wlocin In feet per second at any point in the mean of all vertical planes parallel 
to tlie Current. The system lor designating the depth below the surface is the 
same as that just described for V. Thus U m signifies the grand mean of the 
velocities in all vertical planes parallel to the current between the 
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river banks; U, signifies the mean of the bottom velocities ni" all vertical 

planes, etc. 
/=* The number denoting the force of the wind ; a oalm »r a wind blowing at right 

angles to the current being considered zero and a hurricane ten. Its essential 

sign is negative for a wind blowing down stream, and positive for a wind blowing 

up stream. 
a, = Angle of incidence of the water in passing round a bend. It is always assumed 

about equal to 30°, and the effect of the bend estimated by determining the 

number of such detections necessary to pass round it. 
G = Density of the river-water. 
<J = The velocity acq in rod in tailing for one second. It is uniformly assumed at 

.")Ii..l.'lS feet, its value at 1 1/'* level of the sc;t in Int. :; "» ■ 

The discharge of a stream is usually estimated by the number ofeobic feet of water 
which passes through its channel in a given time, as, for instance, one 
gauging rivers. Second, This quantity is equal to the sum of (lie products of each of 
the elementary ureas of the OWMBHSection bv the velocity with winch the 
water Hows through it, or to the product of the total area of cross-section by the mam 
'mloc'dy, as a mean of all these elementary velocities is called. There are three methods 
in common use tor determining the discharge, when, as is the case with most rivers, a 
dam measurement — the most accurate of any — is impracticable. In each of them a 
knowledge of the area of the cross-section of the stream is obtained by careful soundings, 
or, if desirable, by other more accurate means, The methods, therefore, differ only in 
the manner of determining (he wt-au wsfce%. Each method will be noticed in the order 
of its accuracy. 

Method htj itduat im-amimment. — By this method, the velocity hi nil parts of the crosft- 
Direet measure- ' S( -' et ' uu ' s uetualU measured, and a mean of the results taken for the 
meat of the mean mean velocity. If the cross section is irregular iu form, the only accurate 
velocity. manner of computation is to divide it into partial amis so small that 

the velocity throughout each may be considered unvarying. The discbarge is then 
equal to the sum of the products of these partial areas by their velocities. The different 
means used to measure the velocity are: — 

1. By noting the time of transit of floating bodies over known distances. Small 
bodies, too light to be sensibly affected liy the component of gravity 
floats >y parallel to the surface, must be selected. Bits of solid wood, and bottles 

tilled with water until j i earl)' submerged, have often been used for sur- 
face floats. Boiteau proposes balls of soft wax on account of their adhesive properties- 
Uubuat used gooseberries for velocities near the bottom. Double I louts lor measuring 
the velocity below the surface Were first used by da Vinci. They are of various kinds, 
usually consisting of small surface Boats, of minimum sbe, supporting by cords larger 
submerged bodies. Krayenboif used rods loaded at one end, and supported by a light 
float at the other, so as to assume a vertical position. They were made to extend from 
the surface nearly to the hot torn, iu order to obtain as closely as possible the mean 
velocity of all the fillets in the vertical plane. This method, with slight modifications, 
has been adopted by de Builbn, Destrem, Francis, and others. In small canals, Hint 
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used light) covered frames, so arranged that they would assume a vertical position at 
right angles to the thread of the current, and nearly fill the whole cross-section. He 
thus measured, approximately, the mean velocity of the whole stream at once. Raucourt 
used a kind of ship's log for some of his experiments upon the Neva, a method adopted 
by Lieutenant Man* in his observations on the .Mississippi at Memphis. 

2. By noting the time of transit of a globule of air through a given portion of a glass 
tube immersed and held parallel to the current. The velocity of passage 

can be made as small as desirable by fitting a conical mouth-piece to the a ? | ™£ 1 e 
upper end of the tube. The expression for the ratio between this velo- 
city and the true velocity of the current can be readily deduced by actual experiments 
with floats, (Boileau.) 

3. By a light paddle-wheel with slight friction upon its axis, so placed that the 

u-i (Idles "are submerged. The velocity of their centre of percussion, 

V ' , « ai ii i c *■ * By revolutions 

which can l>e deduced by noting the number ol rotations m a given f a wheeL 

time is nearly that of the water. This instrument, of course, only 

measures velocities very near the surface, 

4. By dilTerent kinds of self-recording meters (Woltniann's, Brewster's, Laigael'a, 
Saxfoirs, and others), to which motion is communicated by the water, 

which strikes fans like those of a windmill. The velocity is deduced ^J & ^^ X ' 
from the number of rotations of the axle. These instruments can he 
used at any depth. 

5. By a box with a small hole in the up-stream side, which is sunk 
to the desired depth and withdrawn in a given time. The velocity is 
Computed fram the quantity of water found in the box. (Grandi.) 

6 By a glass tube bent at the lower end. Its lower orifice is directed against 
the current °at any desired depth, Mid tfce velocity deduced from B pitot , g tnbe 
the difference ut * level between tue water m tUe tulje aml tUat m tlie 

river. (PiM.i 

7 By means of a quadrant, to the centre of whose graduated arc a string sup- 

p, ,,-tiug a ball is attached. Tlie ball is immersed in the stream and the fiy r ^^ 
angular ofcange induced by the current measures the velocity, which, 
for the s;ime ball, is equal to the product of a constant coefficient by the square root of 
the tangent of this angular change. (Gastelli.) 

8. By measuring with a delicate balance the pressure of the current ByabalaoMand 
upon a ball immersed in the stream and attached to the balance by sub mer & ed ball, 
a wire. (Saint Vemmt.) 

9. By means of a small plate connected by a system of pulleys and braces with a 
bafca'ce. The instrument is held firmly at the desired depth, so that ^ ^ 
the plate is directly opposed to the current. The balance indicates the machilier y, 
pleasure, and the velocity results from it by computation. Briinings 

tachometer is constructed upon this principle. 

in R« lirinmilE a delicate thermometer tu a fixed temperature 

111. J5J unufcu'S t i By a ther- 

and then noting the different rates of cooling, m and out of the current. monitor. 

*MetLd by partial mamtremeni.—By this method the velocity in one or more places 
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Usual theory is measured by any of the above plans, and the mean velocity of the 
resSnee/eL Bfereana Educed h' calculation. This method requires a knowledge of 
countered by the relation between the velocities iii different parts of the cross-section 

water moving £ streams, a relation which has not yet been discovered, although it 
in a natural J ° 

channel. has formed the subject of careful study. The theory adopted by most 

modern writers is the following: The movement being caused solely by 

the slope of the surface, the velocity would lie equal in all parts of a river section were 

it not for the retarding influence of the lied. The layer of elementary particles next 

to the bod adheres firmly to it by virtue of the force of adhesion. The next layer is 

retarded partly by the cohesion existing between it and the first, partly by friction, and 

partly by the loss of living force arising from constant collision witli the irregularities 

which, of course, correspond to those of the bed. The next layer is retarded in the 

name manner but in a less degree. Thus the effect of the resistances is diminished lis 

the distance from the bed is increased. According to this theory, assuming, as is 

generally done, that no sensible resistance is experienced from the air, the maximum 

velocity should be found in the surface fillet situated at the greatest mean distance 

from the bed. Many experiments have been made to determine the actual variation in 

velocity at different depths, and, npon the surface, at different distances from the banks, 

Great diversity exists among the results obtained, as will he seen from the following 

synopsis. It shows that no mathematical relation, of sufficiently general application 

to constitute a practical law, has been hitherto discovered. 

„ , . , The velocity below the surface in any given vertical plane parallel 

Velocity in any ,. .,, „ , , . , , l ' 

given vertical hi file current will first be considered. 

plane parallel Tadini (Italian collection, 1823) states that generally the velocity 

to the current. ^ ftfl iSl) ,.r. u , (1 fa t( , that at the bottom as 1 is to 0.001 1'.; but that in 
parts of the Po w lie re the current and slope are gentle and the surface parallel to the 
bed, the two are nearly equal. 

Dubiial found, by forty-eight experiments upon a small canal less than 1 foot deep, 
that the difference between the surface and bottom velocities m lh<- thmid <>/ the citrmd 
wns greater ns the velocity WIS less, lie thought, the ratio was independent of the mean 
radius and nature of the bottom. His formula for the bottom velocity is — 

V — ( v * I) 29V 

lie found the position of the fillet of mean velocity to be from h to k of the total depth 
of the water ahove the hot turn, hut he did not consider his experiments decisive upon 
I his point. 

Focacci found that, in a canal 5 feet deep, the maximum velocity was from 2 to 2.-"» 
feet below the surface. 

tierstner considers the vertical law to he given by tin 1 Ordinatea of an ellipse. 

Briinings found that the mean of the whole vertical curve varied from 0.8!) to ft.tffi 
of the velocity at the surface, or rather I loot below it. for velocities between 2 and 
5 feet per second, in canals from 5 to 11 feet. deep. 

Woltinann states that the velocity diminishes from the surface downward in the 
ratio of the ordiuates of a parabola, who.se axis is vertical and whose vertex is a certain 
distance below the bottom ul' the river. 
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Ximenes found the mean velocity in a vertical plane in the Aruo, where it was 15 
feet deep and had a surface velocity of 3 feet, to be 0.92 of that at the surface. 

Kytehvein found no fixed hu to exist inn finally admitted a decrease iti an arith- 
metical progression, amounting to .,'„ of the superficial velocity for each metre in depth. 
In other words, the law is shown by the ordinates of an inclined right line. 

Funk considers the law of diminution to be shown by a logarithmic curve. 

Young considers ^ D f the superficial velocity sufficient for the mean of the vertical 
curve. 

Defuntaine states that in calm weather the velocity of the Kbme is greatest at the 
surface. It decreases insensibly at first as the depth is increased, but the change 
becomes quite rapid near the bottom. The law is given by the ordinates of two right 
lines forming an angle with each other. The mean velocity of the whole line varies 
from 6,80 to 0.89 of the maximum; its position is generally at about | of the depth 
below tlie surface. 

Raucouri made ex peri men is upon the Neva where it is 900 (ect wide and of regu- 
lar seetion. the maximum depth being Go feet. When the river was frown over, the 
maximum velocity (2 feet 7 inches per second) was found a little below the middle of 
lltr deepest vertical. It was somewhat less (ban double that at the surface and bottom, 
which were nearly equal to each other. In summer he found the maximum velocity 
was near the surface in calm weather; but the wind had great effect, reducing the sur- 
face velocity when a strong wind was blowing up stream, so that it hardly exceeded 
tli at at the bottom. lie considers the law of diminution to be given by the ordinates 
of an ellipse whose vertex is a little below the bottom, and whose lesser axis is a little 
below the surface. 

Ilennocque found the maximum velocity in the Rhine to be, in calm w r eathcr or 
with a light wind, ! of the depth below the surface; in a strong wind up stream, it was 
a little below mid-depth; in a strong wind down stream, it was at the surface. 

Uiiuiugarteii found in the Garonne that the maximum velocity was generally at the 
surface, but that in one seetion (about 325 feet in width) it was always below; and in 
another it was below for a certain portion of the width (about {) and not so for the 
rest. Often, when the maximum velocity was below, and sometimes when it was at 
the Burfhce, the curve of change w:is nearly a straight line; generally, however, there 
was a slight elbow, the upper part being vertical or inclining down or up stream. In 
l!i<' latter case the curve resembled a very open hyperbola whose vertex was at the 
point of maximum velocity. The direction and force of wind were not recorded in 
those experiments. In the Canal dti Rhone au Rhin (4o feet wide) the maximum 
velocity was uniformly from ' to | of the depth below the surface, except for about 3 
feet in the middle, where it was at the surface. The point of maximum velocity was 
relatively higher as the depth was greater. The velocity below the point of maximum 
generally decreased according to the parabolic law. 

D'Auhuissnti considers that the velocity diminishes slowly at first, as the depth 
increases, hut that near the bottom the change is more rapid. The bottom velocity is, 
however, always more than half that of the surface. 

Hoi lean found, by experiment in a small canal, that the maximum velocity was \ 
to ' of the depth below the surface. Below this point the velocity diminished 
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rapidly and nearly in the ratio of the ordinate* of a parabola whoso axis was at 
the surface. Above, lie considered that the change followed no law, but was much 
affected by wind. lie decided, IVoni a discussion of the experiments of Defontaine, 
Ilennoeque, and iiaumgarten, that in large rivers the mean velocity in a vertical plane 
is generally a very little more than 0,9 of the maximum in that plane, which is by no 
means always at the surface; also that no relation exists between the surface and mean 
velocities in a vertical plane; and that the velocity varies more on tbe same vertical as 
the velocity is increased and less as the depth is increased. 

The velocity at different points of the surface will next be considered. The form of 
Horizontal ^ ie cross-section and the set of the current have such an effect upon the 

curves of velocity at the surface, at different distances from the banks, that no 

velocity. definite law of change exists. There is generally an increase of velocity, 

as the distance from the banks is increased, until the maximum point is reached. 
Iioileau, from discussing some observations made by himself upon a small wooden canal, 
and the observations uf Defontaine and Baumgarteu on the Rhine, considers that this 
decrease follows the parabolic law except (or points very near the banks, lie concludes 
that the velocity from point to point varies more in great than in small velocities and 
less in wide than iu narrow rivers. 

It is generally conceded that the variation in curves of surface velocity is too "Teat 
to justify any attempt to deduce numerical relations, but, iu practice, many engineers 
assume the same ratio between the mean and maximum velocities upon the surface that 
exists between the same quantities in a vertical plane. 

The mean velocity of the stream comes next in order. This velocity is equal to 

the quotient arising from dividing the discharge in the unit of time by 
True mean ve- .-» ,. ,- mi ,- , r. . 

loeity of the ta<? area "' cross-section, the ratio between it and the maximum sur- 

stream by simple face velocity has formed the subject of much careful investigation. 

Dubuat, from several experiments upon small wooden canals, has 
deduced the following fonnuhu : — 



w y„ = („. v,,'* + o.2i)0) % 



,<,,V»= (,V/" - 0.299 )\ 
De Prony criticises these formula! because » does not become zero when ,„ V (l — 0, 
winch it should do to conform to nature, lie deduces the till lowing formula from 
1 hibuat's experiments : — 

V "■ V " + T-W1M 
'"' " r \\ + HW4508 
He considers the tor mu hi — 

r = o.Nn;i;>N „y„ 

to he sufficiently accurate in practice. 
Young proposes the formula — 

Most writers have been an tidied with deducing a simple numerical ratio between the 
mean velocity ami the maximum surface velocity. The following are some of these 
ratios : — 
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Br linings adopts 0.86, varying between 0.72 and 0.98, 

Pubuat, fur small canals about 1 foot deep, proposes 0.71 to 0.96. 

Destrem and de Prony consider, from observations upon the Neva, that the mean 
velocity of tlnit river is I of that at the surface. 

Bui lean found that no constant ratio could be deduced from his own and published 
experiments, and therefore considers it necessary to measure the mean velocity in a 
number of vertical planes sufficient to give a Well-determined horizontal curve; and 
then to bake a mean of tins horizontal curve to obtain the mean velocity of the section. 
He considers (1.82 an approximate ratio for canals. 

liauingarteu found, by his observations on the Garonne, that de Prony 's forum la, 
with a coefficient of 0.8, gave fair results. 

Dupnit, from theoretical considerations, believes the ratio to vary between 0.07 
and 1,09. 

MeOtod h>t furwuhr. — By this method the mean velocity is computed from certain 
measured quantities of which it is a function. Many practical formulae B formula in 
have been proposed for this purpose by hydraulic engineers. Some of terms of dimen- 
these are based upon the supposition of "uniform," and others upon that S1 °"? ° ^™ ss " 
of •'permanent," motion. The former requires that the cross-section of slope. Two 
iln' channel shall be invariable and the slope of the thud-surface constant, classes of such 
In uther words, if the stream be divided into straight filaments, parallel 
to the direction of its motion, the velocity may vary for different filaments, but not at 
different points of the same filament. The condition of permanent motion is essentially 
different. The cross-section and slope of the water-surface may undergo changes — 
provided, however, there he no sudden bends to produce eddies or undulation — but the 
discharge through the drilcrent cross-sections must be identical. In other words, the 
stream may be considered to be composed of filaments parallel to the general direction 
of motion, varying from point to point in diameter, and hence in velocity, hut unvarying 
in discharge. 

The latlrr supposition evidently corresponda to the more general case, and more 
nearly conforms to the actual condition of rivers, but the formulas based upon it differ 
only from those for uniform motion in containing an expression which takes into account 
the ehariL!' .- of living force produced by changes of cross-section at different localities. 
If, therefore, the variations in the cross-section of the stream throughout the distance 
considered are unknown, the only distinctive terms between the two formula; disappear. 
This ia, in general, the ease where a formula is required in the discussions contained in 
Ibis report. For this reason, the formula' proposed for water in uniform motion will 
alone be noticed. 

1. M. Chezy considered that, from the manner in which the friction of the bed 
exerts its influence, the resistances encountered by water in uniform 
motion are directly proportional to the length of the wetted perimeter 
ami lo the length of the channel. lie also, upon the supposition of a layer of immov- 
able liquid particles lining the channel, considered the resistances to he proportional to 
the square of tin' mean velocity; since, by an increase of velocity, a proportionally 
greater number of particles are separated in a proportionally less time. That is, the 
resistancefl may be considered to be equal to kr-l p. Placing this expression equal to 
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a tj h iy a product proportional to the effective component of the weight* which in uniforin 
motion is entirely consumed in overcoming the resistances, and solving the equation 
with respect to s>, lie deduced the formula — 

When B lias been determined by experiment, this formula gives the mean velocity by 
a very .simple calculation. It is singular that this, the first practical formula ever [im- 
posed for the uniform motion of water in open channels, should he the one now generally 
adopted for large bodies of water in rapid motion. The number adopted for li by Chezy 
is not given in any of the papers met with which contain his formula, but several differ- 
ent values have been proposed by subsequent engineers. Thus Young, for large 
streams, adopts 84.3. Eytclwein uses 93.4. D'Aubuisson, for velocities over 2 
feetj uses [)5.0. Dowuings and Taylor, for large and rapid rivers, adopt 100, Leslie, 
for small streams, uses 68, and for large streams, LOO. Beardmore adopts 94.2. Neville, 
for straight rapid rivers with a velocity of 1.5 feet, uses 92.3, and for greater velocities, 
93.3. Stevenson, for small streams, adopts 60, and for large streams, 91), etc., etc. 

2. Dubuat exhibited great ingenuity in deducing his celebrated formula, To follow 

hi in through his theoretical analysis would extend this article beyond 

That of Dubuat. .. ,. . , ,, „ , , . - e „• r. , - - , 

its proper limits, and, therefore, only a bnel notice of the principal 

steps can be attempted. 

He began by showing first, that the slope of the surface alone causes motion; and 
second, that in uniform motion the resistances are equal to the accelerating forces, lie 
then demonstrated that a close analogy exists between the motion of water in pipes 
and in open channels, and thus inferred that theories for the movement of water in the 
hitter may be tested by the more accurate experiments which can l>e made upon the 
former. 

Considering reason and experiment both to indicate that the resistances increase as 

v*, he assumed them to be proportional to . . The accelerating forces are proportional 

gh t . u' 1 g h i { t \ " . , . 

to / . Hence, lor a preliminary equation he deduced -r = -y \ OT *' \ h ) ■ - [<j A) -\ 

in which the second number is a constant quantity. On testing this formula by many 

;-) , even in the same channel, is not constant, bid that it 

increases slightly as i) increases. That is, in order to have A a constant, some function 
of the coefficient of v, which will increase less rapidly than the quantity itself, must be 
substituted. Denoting this function by a, the formula became — 

ti .*• (g X | ' -. 

that as it augments, x must become considerably less than (, ) and that V V Ill,IHt 

''' 

increase as ( /( ) 'diminishes. Many functions of {! ) were tried, ami tnueh reasoning 
upon the efli'ct of variation in slopes was employed More Dubuat finally found that these 
conditions are numerically fulfilled in a satisfactory manner by the following expression, 
iu which L is the hyperbolic logarithm: — 
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Substituting this value for x, the formula became 

Although tins value of x made »a constant for all cases where the slope alone varied, 
experiment shewed that, where different beds were used, the expression again became 
a variable, being greater as the perimeter became greater with respect to the area. This 
is evidently to be expected, since the same amount of friction must become less effec- 
tive as the number of particles upon which it acts is increased. Hence A cannot bo a 
constant except for the same bed, as it must vary with the mean radius. Dubuat first 
tried a simple ratio, assuming — 

Tbif mollification did not quite agree with experiment, as /■» increased rather more 
rapidly than rx. He then tried r'» — 0/ltf. and found it to make the tirst member sen- 
sibly constant for small pipes, where the viscidity produces little effect. The formula 
therefore became — 

■r x - ~ — — - ) 

in which the second member, being constant for small pipes, may be placed equal to 13. 
Hence — 

A—- (r«_0.03)-. 
v 

That is, A, instead of being a constant, as was at first assumed, is in reality equal to 
a constant — multiplied by a variable. Placing - -- Q, substituting the value of x and 
reducing, the general formula became — 



Tb is form id a, when applied to large pipes or canals, was found to give results slightly 
in excess, the error increasing with the mean radius. This Dubuat attributed to viscid- 
ity, or the cohesion of the particles of water to each other. Since the difference of 
velocity of the adjacent particles alone brings this force into action, it must be very 
small. A certain portion of the slope, which otherwise would produce velocity, may he 

considered as constantly exerted in overcoming this force. Calling j- this slope, the 

velocity due to it, or xf, will be given by the formula — 



tf = 



a)"-- aw 



Since ft is always very small, the second member becomes practically equal to 
D f / .s_o.03). But 7 is a portion of the slope which would cause velocity were not its 

27 
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effect absorbed by tbe viscidity. This value of >•' must therefore be subtracted from 
the expression fur p in order to obtain a true equation. With this correction the 
formula became — 



(Cg)K( r H-0,08) 



Substituting the numerical values of the constants deduced by Dubuat, and reducing to 
English (eet, it finally takes the form — 

* TiV* h rjs — O.OSti (j«— 0.03), 

(/J'- L U + U1 )" 

in which L, tlie hyperbolic logarithm, is equal to the corresponding common logarithm 
multiplied by 2.S025S5. 

3. Girard was the first to apply Coulomb's experimental laws for the friction of 

fluids upon solids, to deducing a formula tor water (lowing uniformly, 
at o irar . ^Xvcm ^^ ^ ^^ ^ ^^ velneilies, the friction is nearly propor- 
tional to the square of the velocity, and to the area of the wetted surface; and entirely 
independent of the pressure and of the nature of the surface. Considering the viscidity 
proportional to the velocity, the resistances being proportional to the sum of the friction 
and viscidity, may be represented by Alp (« + <"). Placing this expression equal to 
tj h { a, sin expression proportional to the accelerating force, and solving the equation 
with respect to r, he deduced the formula — 

r = 0.5 + (<>.25 + \ ; p ) - 

Considering tbat in canals, for which he especially deduced this formula, the velocity 
would be affected by the aquatic plants growing upon the sides. Girard assumed the 
effective perimeter to he equal to 1.7 j». He deduced the value of A from twelve 
experiments of Unbuilt and Chevy, the maximum velocity being sibout 2.5 feet, and the 
maximum area !Mj square leet. Substituting these values and reducing, the formula 
becomes in English feet: — 

«s= (2.09 + 2(1884 r s)*— 1,64. 

4. Dc Prony, adopting the supposition of an immovable liquid layer lining the 

channel, placed Chezy's expression - ■*■ " equal to a function of the 
That of de Prony. ' l J ' tp l 

form C + A r + B r 4- D t? + etc., and proceeded to determine by 
experiment the values of C, A, B, D, etc. lor water in uniform motion. He argued that 
since the value of C depends upon the values of a and h, wben they allow the water 
to lie on the point of moving but still to have no actual motion, it must be so small 
as to be safely neglected in practice, lie also found iliat. for all practical purposes, 
terms involving v to higher powers than the second might be neglected. His formula 
therefore became — 

.</ r * = A v + B r. 

lie then selected ten of Dubuat's and two of Chezy's experiments, and deduced from 
them, by La Place's methods for correcting anomalies, the values of A and B. Finding 
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tlif formula gave satisfactory results. he instituted new and very careful experiments, 
mid deduced by the game process from twenty-three of thorn, and eight of Dubuat's, still 
mure accurate values. The maximum, velocity in these experiments was about 3 feet, 
ami the maximum area of cross-section 9G square feet. Substituting the values of A 
ami U last determined and reducing, with the adopted value for ;/, the formula becomes 
in English feet — 

t, = (0.0556 + 10593 r *}'» - 0.2857. 

l>e Prony then deduced new values of A and B from fifty-one experiments upon pipes 
and thirty-one upon open channels, in order to frame a formula applicable to both 
kinds of discharge. The resulting formula is — 

r = (0.0237 + 09r.fi r s)#— 0.154& 
Evtehvein proposed new values for A and B in de Prony's formula, deduced by him- 
self from nine! y-one observations on canals and rivers, where the velocity varied from 
0.4 of a thot to 8 feet, and the cross-section from 0.2 of a square foot to 28020 square 
feet. The formula thus becomes — 

v — (0.0 119 + 89 63 r s) ' « - 0.1 08fc 

5. Eytelwein deduced a formula for water in u inform motion by the following train 

of reasoning. When water is moving unil'ormlv. the whole component 
,, . . , ,, ,. *°. , ' ■ ■ . . l ,. That of Eytel- 

ot gravity whicli causes the motion is employed in overcoming the wein 
friction. This component varies as the fall in a given distance. Hence 
the friction varies as tins fail. But the velocity varies as the square root of the fric- 
tion, sim-c a proportionally greater number of particles are separated in a proportionally 
less time. Jienee the velocity varies as the square root of the fall in a given distance. 
The friction also varies with the mean radius. Hence the velocity varies with the 
square rool of this quantity. But, if the velocity varies with the square root of the 
fall in a given distance and with the square root of the mean radius, it must vary as 
the product of the square roots of those two quantities. Adopting 2 English miles as 
the length in which to estimate the fall, Evtelwein found the experimental eoeHieieut 
to he [|. His formula therefore took the form — 

v = 0.9091 (2 \lr)'\ 

in which II is the fall hi one English mile. This is evidently a simple reproduction of 
the Chezy formula, since by reduction if can be put under the form — 

r ==.QSA (ra)K 

6. Dr. Thomas Young, in some investigations relating to the circulation of the 
blood, had occasion to use formula (in* the flow of fluids through pipes; 

Being dissatisfied with those already existing, he undertook to deduce 
original ones from various published tables of experiments by Duhuat and others, lie 
found thai the friction could not be represented by any simple power of ■', although it 
I'lvtiih'utlv varies with '•'■". it could be represented bj a fiinction of e and <■-, The 
coefficients Of these powers, however, must vary hi pipes of different diameters; that of 
v being in very large pipes or rivers less, and in minute tubes greater, than that of E**j 
while that of r must be greater for a given area of the surface of the pipe as the 
diameter diminishes, 
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Now dividing the total head into two parts, one may be considered as employed 
entirely in overcoming friction. Culling this /*,, the diameter tii" the pipe D, its 

length /, and the mean velocity r, we may assume h t = A. g ffl* + 2 li ., '', since friction 
is directly proportional to I and Inversely to D. Hut /*, he found from the experiments 
to he given by //, — h — g=^' in which h is the total head, and the French inch the unit. 
Substituting this value, and deducing numerical expressions for A and IS, he found, for 
the ca.se of rivers, formula* which, when reduced to English feet, become — 

Irs JT_ Vfc IS 
v ~ la A + 144 A7 ISA 1 

in which A and B are variables depending upon r. He deduced the following values 
for Lhevn from published experiments : — 

/ 900 r* I > OS O.OOni 14H\ \ 

3=0,0000001 (^;, 5 4 (3 ; fl (^.^ I +-7T— )}■ 

For most rivers, as already stated in discussing I he Cbezy formula, he adopts 
v — B4J (r *)^. Dr. Young gave tables of the values of A and 1J computed for various 
small values of r, both for French and English inches, in Philosophical Transactions, 
1S0S, Mr. Storrow introduced these formula- in his treatise on water- works, with the 
constants adapted to Frem-h Inehw, and by some oversight added the table of values for 
A and B computed for EiHjlixh inchv*. 

1. Lombardini does not give the details from which he deduced his formula* for 

computing the discharges of the Adda and the IV lie assumed Chezy 'a 

Local formula! general equation for the mean velocity of water in uniform motion, viz : — 
of Lombardini, 

v = A (/■ ay*. 

Substituting D for r, and multiplying both members of the equation by «, it becomes 

a * = Q = A a (D *)* = AWD (D s)i = AWD* »K 

Assuming the bed of the river and W to remain unchanged for all stages oi water, he 
derived from a few actual measurements of discharge the values of A and *, the former 
proving to be a constant and the latter a function of I>. The resulting formula 1 , giving 
the discharge per second in cubic metres, are — 

For the Adda ..... Q = 100 D* (1 - 0.032 I» m 100 I) - 3.2 D*. 

For the Vo Q = 7li7 D 3 (O.llo - U.IMOti!) Hi'. 

These empirical formula; are convenient for the purpose for which they were deduced, — 
namely, a rough computation of the discharge for a given gauge-reading, but being strictly 
local in character, no application of them to other rivers is possible. A glance at the 
measurements of the discharge of the Mississippi river, which will soon be stated III detail, 
will show that such formula* can only he employed for the most general purposes. 

8. Weisbach, adopting Dulmiil's theorem, that in uniform motion all the I all is 
„, . f consumed in overcoming friction, deduces a formula by placing the total 

Weisbach. fell in a given distance equal to the height due to the resistances oi 
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friction, which, following the usual course of reasoning, he represents by A— s • 
Hence — fig V* 

1 [e considers that the quantity A, which he terms the "coefficient of the resistances," 
increases for small, and diminishes for great velocities, and adopts Lahmeyer's value, or: 

A = 0.0(17409 (i + ™). 

lie gives a table containing the values of A for different values of r, and advises a 
system of computation by successive approximations. This is needless labor, for, by a 
simple process of algebraic reduction, the formula becomes (for latitude 85°) — 

,,= (0,00024 + 807S" v *) s — 0.0154. 

This is only a reproduction of de Prouys formula, the only change being in the 
numerical value of the cue tlic touts. It wilt therefore be so classed when tested in 
Chapter V. 

For floods, WeisbacU considers the relative change of velocity to be one-half, and 
the relative change in the discharge three-halves, of the relative change iu the depth of 
the water. 

!l. Baumgarten gauged the Garonne twenty-live times between the years 1837 and 
1 SIT, at stages varying nearly from low to high water. From the data 
thus collected (which are not published in detail), he framed an cm- BaumgSn & ° f 
pineal formula, adopting the general form of that proposed by Lombar- 
diui lor the Po and Adda. It accords, within about five per cent., with the measured 
discharges. The unit being the metre, it is — 

Q = £25 D J (0.201 D — 0.044 D* + 0.003 D" - O.O'.M) 1 -, 

in which Q represents the discharge, and I) the mean depth, at Tonne'uis. This formula 
is evidently entirely loc;d. and liable to the objections raised against Ijombardim's. 
Ml. Dupuit's Formulae are based upon assumptions which diiler materially from those 

of most engineers, lie proves, by an analytical demonstration, that the 

it i ' it > v -.ii i i .i That ofDupuit 

supposition ol an immovable layer ol hepud lining toe channel, and thus 

reducing the friction from thai of a liquid upon a solid to that of a liquid upon a liquid, 
is inadmissible, and that the cohesion between the different particles is very much greater 
than their adhesion to the solids on which they How. lie considers the resistances of 
adhesion and cohesion to have the common properties of being directly proportional to 
the surfaces in contact, and of being entirely independent of pressure; hut that, while 
I be Conner increases with the absolute velocity of the stream, and may be directly com- 
pared to the friction of solids, the latter is properly a kind of chemical affinity, which 
is proportional to the relative velocity of the contiguous molecules. 

These ideas relative to the resistances acting upon water in motion suggest equations 
of equilibrium for a fluid mass flowing in any channel with any velocity whatever. For 
simplicity, he supposes the water to be (lowing uniformly through a rectangular cross- 
sedion of indefinite width, so that no resistance is experienced from the sides. The 
motion in all vertical planes parallel to the current is here the same, and the attention 
may be confined to any one of them. The surface fillet in the selected plane is in the 
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condition of a solid gliding over an inclined plane. The accelerating force of gravity 
acts on it proportionally to its weight and to the sine of the angle of inclination. Desig- 
nating the velocities of the surface fillets and of the fillets below it, successively, by V u , 
V t , Vij, etc. etc., the retarding force which holds the surface fillet in equilibrium is evi- 
dently a function of (V„ — V,), otherwise the motion eoidd not he uniform. The equa- 
tion of equilibrium for the upper fillet is, therefore — 

Q-gud v' (V,— V,|. 
Or, dividing both members by G // : — 

esd ■-? (V„~.1Q. 
Each fillet below, except the bottom one, is urged forward by its weight and by its cohe- 
sion to the more rapidly moving fillet above, and is retarded by its cohesion to the slower 
fillet below. The bottom fillet is retarded by its adhesion to the bed. The following 
equations of equilibrium can therefore be written, in whieh the velocities of the bottom 
fillet and of tlie fillets above it, successively, arc designated by Y lt , V D _j, V B _«.j etc.: — 

Surface fillet Bid ,• (V,.— V,) 

Next fillet end ? (V> — V„) — * (V„— V,) 

:Js Hi tf ^ 

;!: :■: :|: * 

Last fillet bttt one . t .1 d 9 (V„_ a — V„_,) — f (V,,^ _ V n _ (i ) 
Bottom fillet .....sdd p (Vp)—f (V B _tt— V D _j}. 

Taking the sum of these equations, member by mem her, the following very important 
expression results: — 

*D 9 (V ft ), 

The velocities at the bottom in all the vertical planes having been assumed equal, this 
may lie put under the form : — 

s « p ? (LI,,), or r a f (U B ) &. V & + B XT 8 a + . - . ■ 

This equation is analogous to the usual expression r& t l. '*); hut. the difference ia 
evidently a radical one. The needs of the science, however, require a formula for the 
m&m rchx-lf*/, and unless some algebraic, relation between CJ D mid c can be established, 
tins discussion amounts to little more than a barren demonstration of error in existing 
formula*. The relation existing between U„ and u depends directly upon the law govern- 
ing the action of cohesion, and is deduced by Dnpiht by the following simple and inge- 
nious trftjn of reasoning. Since the force of cohesion is proportional to the infinitely 
small difference of velocity between contiguous molecules, it can only be expressed in 
finite quantities by adopting lor the unit an infinitely small quantity, such as the dis- 
tance between the elementary layers of the fluid, The algebraic expression for the 

resistance of cohesion between two layers becomes, therefore, v y : A in which »V is the 

infinitely small difference of velocity between tlie two layers, ami 3d the infinitely small 
distance between them. Substituting this expression for the difference of the velocities 
of tlie elementary fillets heretofore used, in the equations for the equilibrium of the fluid 
mass, and taking the sum of the equations, member by member, from the surface down 
to any assumed depth, d, the expression becomes — 

/y-,,_ v„_,\ / -V\ 
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Oupuit proceeds to slimr that, in the development of this function, all terms but the 
first mav be neglected, without sensible error, giving — 



OH 



Integrating this equatjon, it becomes — 

Since the velocity at the bottom in all vertical planes is assumed to be equal, the con- 
stant C may be determined by the condition that, when d= D, V shall become equal to 
the value of U„ given by the equation ra~ A U D + B U D 2 . Hence the following equation 
results : — 

This is the equation of a parabola whose axis is at, and parallel to the plane of, the water 
surface, and whose parameter varies directly with the slope.* The velocity at the sur- 
face is evidently given by the equation — 

The mean of the curve is readily computed by the aid of the well-known expression for 
tiit; area bounded hy the curve and its co-ordinates. It is — 

\ r , 1 = U, l + 3(V 11 -U 1 ,|=U, l + ^- 

These equations evidently furnish a complete solution of the problem for the simplest 
case, that of a rectangular cross-section of indefinite width. Dupuit proceeds to apply 
the same principles to different forms of cross-section, and then to the general case, but 
the limits of this article, and the difficulty of rendering the processes clear without 
transcribing his diagrams, render it unudvisable to continue following him step hy step. 
Suffice it to say that, for the general case, where the cross-section approximates to a cir- 
cular ft mil, he proposes the following formula- as sufficiently accurate for practical 

purposes : — 

rs = AU,+ B LV, 

V _TJ + "L, 






2 E W 
«,Y„ + U,- ara 



— L ; ,+ iB 



2 -L ' T 4EW 

These formula) contain only three numerical coefficients, A, B and E. Dupuit con- 
cludes that new experiments are required to fix the proper values of these coefficients, 
and explains how they should be conducted. In default of such experiments, lie pro- 
poses for A and H values a little larger than those proposed by do 1'rony; viz. (formula 
in English feet), 0.000018 and 0.000110. For E he suggests no numerical value, 



h u BkottU be statei (iat, although ihi- brief rxtratH from tJwwerk of M. Dupuit ewnitatnea in the Tables of Claudel 
hud Ih-vii i'Mi»" ,1 '' a :U '■"' '■■ irl - v ''' l - v ' >'' { ,1 "' "wk '<wtf wm QOBBidtsd for Uic Bret time when imported from Paris in 
Joiif, 1889- At tlldt lUl "' ll "'"l' ( '' , '"wtiUl rtndyor tin- etmngsof velocity below the surface in the Mississippi 
river.' which will he fully detailed in the next chapter, hint been eowpleted. Although the formula thereby deduced 
differs rndiadly fi"» l *»* of M U!1 I ,uil in St > l «e respects, its general resemblance is striking. 
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only remarking that 0.001025, the value proposed by Sonnet (formula reduced to 
English feet) is, in his opinion, much too small. 

It is evident tliat without numerical values [i>r A, R and E, no direct practical test 
can he applied to Qupuit's formulae. His theoretical method of treating the subject is 
more exact than that of any writer who lias preceded him, and elaborate measurements 
to fix the values of the three coefficients would btive been undertaken, bad not I he 
observations of this Survey shown that the position of the fillet endowed with the 
maximum velocity, far from being always at the surface as Dupuit assumes, in truth 
varies in position in accordance with certain laws, [lis formula 1 arc therefore neces- 
sarily inexact, and no attempt has been made to deduce their coefficients. If, however, 
as Dupuit seems disposed to allow, these coefficients are constant for any given fluid, he 
has in effect by assigning values to A and IS, furnished the means of deducing E from 
any accurate measurement of the mean velocity corresponding to a given slope, area, 
mean radius and width, since by combining bis three general equations and eliminating 
w V„ and tJ„ the following value of this coefficient results: — 



E = 



4 W [v + 0.082 — (0.0067 + 9114 r *)**) 
The numerical value of E for each of the thirty test observations given in Chapter V 
was computed by this formula. The values differed considerably among themselves. 
Their mean, allowing the proper weight to the different observations, is about 0.02 
(formula in English feet), and this value has accordingly been adopted. With it and 
the values of A and R chosen by Dupuit, his three formula-, reduced to English feet 
and consolidated into one, become — 



.■■ r i! 



■>• = 0()y w — 0.082 + (0.0007 + 1)114 r *)\ 

In this form it has been subjected to the same tests as those of other engineers. 

I I. From nineteen rough measurements of discharge made in 1849 at Wheeling, Mr. 

Ellet framed an empirical formula for the discharge of the Ohio at that 
Local formula . , lt „, , ,. , ,. ,. ° . , ... 

of Mr. EUet. pmnt. llv oilers no demonstration or indication of the process by which 

ho arrived at the form of the equation, but the expression is almost 
identical with that used by Lomhardini for the Adda, a manner of deducing which has 
been already given. Denoting by Q the discharge per hour, and by 1) the 'reduced 
depth" (probably the mean depth), this formula is, in English fcet^-^ 

Q= lOH.sooo D 8 — 10000 D*. 

For remarks upon this expression, see those upon Lomhardini's formula. 

12. Taylor deduces a formula for mean velocity by a train of reasoning which is in 

substance as follows: In rivers which are continuous, that is, not broken 
Taylor b formula. . . . . , . , , . .«,.., i 

into rapids and pools, the resistance to the flow o| the water must be 

considered as a whole. In this class of streams, the slope of the bed is so adjusted as 

just to allow the water in the lowest stages to pass off When the discharge is 

increased, the height of the rise at any point increases proportionally to its distance 

from the sea (since, the total resistance at nwy point is proportional to this distance) 

until a cascade or rapid is reached, which constitutes what is called the " equivalent 

origin" of the river. Uelow such ''origin," therefore, the motive force at any point may 
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he assumed proportional to the moan depth there. But the resistances are directly pro- 
portional to the surface exposed to their action or to the mean perimeter below the 
given point multiplied by the distance to the outlet. They are also directly propor- 
tional to the square of the mean velocity, since a. greater velocity implies both a greater 
force of impact and a greater number of impinging particles, They are inversely pro- 
portional to the mean area of cross-section below the given point, since their effect may 
be assumed to be divided equally among all the particles of the Jluid. Equating the 
expressions for the motive forces and the resistances, and assuming a simple ratio to 
exist between them, the following expression results: — 

a, ' 
in which D is the depth of water at the locality considered; a, is the mean area of cross- 
BCCtion thence to the mouth; and p, is the corresponding mean perimeter. From certain 
"data of the Nile' 1 (authority not stated), Taylor determines a value for C, which, when 
substituted, gives the following equation for the mean velocity: — 

This formula, from the peculiar quantities which enter it, seldom, if ever, admits of 
practical tests or applications, and it is therefore only given here in order to make the 
list complete. 

13. In Buileau's treatise, the following formula is mentioned as proposed by Saint 
Veuant. but without indicating his method of deducing it. The origi- 
nal work in which it was proposed could riot, he obtained in Paris in venant ^'^ 
[859, It. is a very simple formula, and readily solved by logarithms. 
As quoted by Boileau, in metres, it is — 

rs = n.0l")lUr rl . 

Reduced to English feet, and solved with respect to r, it becomes — 

[1 

'■ = lOo.dliK (/•*") ** r . 

It, The next formula jo be considered is that proposed by Mr. Kllet in his ''Report 
nu the Overflows of the Delta of the Mississippi," This formula was 
deduced to solve certain problcnasof the highest practical importance in Eiiet° r ' 
the work of protecting the Mississippi valley from overflow. Mr, Kllet 
Eully appreciated the necessity for accuracy, for he writes: "It is important to ascertain 
what Volume of water escaped through all the crevasses below lied river at the top of 
the flood of iNol; and also, approximately, some method to determine the volume of 
water that will be needed to raise the surface of the river, when in tlood, any given 
height. These questions involve the unknown relations of depths, slope, and velocity 
of rivers; questions which have been discussed by several able and distinguished writers, 
but which ? nevertheless, must receive a further examination here. 

jj. •;• g: ;■: ft :j: * $ $ if: 

•'Several foreign writers on hydrauliques have published formulas derived from experi- 
ments to exhibit the rehitfons between the depths, slopes, and velocities of running 
streams. But their various equations are almost all derived from each other, or built 
upon tin- same observations; while these observations, limited in number, have been 

$8 
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marie on streams of very small dimensions. Where they arc applied to great rivers, like 
the Mississippi or Ohio, they fail to give results in close agreement with the recognized 
facts. It has therefore been deemed advisable, indeed necessary, to derive new and 
tetter formula 1 from a wider range of experiments — embracing great rivers of gentle 
slope in full flood, and passing from those to smaller streams of abrupt descent, and in 
various conditions of their channels. But great, difficulties were encountered in the 
attempt to frame such a formula from observations on the flow of the Mississippi. The 
movements of this great river are remarkable, and need to be carefully studied before 
the resulting law can be confidently applied. The river descends on an average slope 
of about three and a quarter inches per mile, and the mean velocity of its current, is, of 
course, due to that slope. Yet it not un frequently happens, that while the mass of the 
water which its channel bears is sweeping to the south at a speed of four or five miles 
per hour, tiie water next the shore is running tu the north at a speed of one or two miles 
per hour, 

"It is no unusual t lung to find a swift current and a corresponding fall on one shore 
toward the south, and on the opposite shore a visible current and an appreciable slope 
toward the north. In other words, the water is often running rapidly up stream on One 
side of the river, while sweeping with equal or much greater rapidity down stream on 
the opposite side. 

"It is obvious, therefore, that no single or merely local observation on the rate of 
descent of the stream can be depended on for the determination of that element of an 
equation. The apparent slope is at every point affected by the bends of the river, and 
the centrifugal force acquired by the water in sweeping round the curves, and by the 
eddies which form on the opposite side, under the salient angles, 

"The surface of the river is not, therefore, a plane, but a peculiarly complicated 
warped surface, varying from point to point, and inclining alternately from side to side. 

"To neutralize in some degree the effect of such variations on the littoral measure- 
ments of the slope, levels and soundings were taken at different points along the shore, 
not very remote from each other, and mean slopes, depths, and velocities derived from 
many observations. As a check to the results, and a guard against material error, the 
average slope, depth, and velocity was obtained for considerable distances, embracing 
many bends of the river. And as a further check, the slopes, depths, areas, and velo- 
cities of the tributaries and outlets of the Mississippi, and of various small mountain 
streams, were collected and compared. A formula was then sought which should express 
the maxima or central velocities, in terms of the slope and maxima depths of each of 
these various streams." 

"The equation produced by these investigations is here submitted, with the obser- 
vations from which it was derived, and its application to each set of observations. 

" Let d represent the maximum depth of the river, in feet, at tin; place of observa- 
tion j /, the slope of the surface, in feet, per mile; t\ the velocity of the central surface 
current, in feet, per second; then the formula proposed is — 

The application of this formula to many of the observations, with the amount of dis- 
crepancy in each case, will be found in note C. 
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"It was further ascertained from numerous observations conducted with much care, 
that the mean velocity of a great river, in a straight channel, is about eighty per ccut. of 
its maximum velocity, as has been obtained by De Prony and others, for smaller streams. 
This proportion is close enough for any practical application needed in this paper; it is, 
probably, as close a general approximation as can be made in the premises." 

On turning to note C, to exainiue the observations and the application of the formula 
to them, we read : — 

"It was the intention of the writer to discuss this formula, in some detail, in a note 
to the text. But being under the necessity of submitting this report hastily, and wish- 
in" 1 to test the formula on shallow mountain streams, he is compelled to reserve this 
discussion, which will form part of a supplemental paper." 

No such paper has, so for as it is known, been yet published. When reduced to a 
single equation, with symbols corresponding to those adopted for this report, Mr. Etlet's 

formula becomes — 

i;= 0.64 (A 11)^ + 0.04 AH. 

By this expression Mr. Ellet calculates the discharge of the Mississippi river, the 
discharge of ereeass&, and, iu fine, demonstrates the impraatieabUUy »>/ (he feaefi si/nfem 
for the lower part* of the Mim^ijtpl ricer, The task of criticism is always ungrateful, 
and if this formula hod been proposed by an obscure writer, it would have remained 
unnoticed. Coining, however, from a civil engineer so well known as Mr. Kllet, and 
furnishiii < \ as it does, the basis upon which rest practical conclusions believed to be most 
erroneous and most mischievous, it cannot be passed by in silence. The objections to it 
will be stated in the inverse order of their importance. 

I. Mr. Ellet furnishes no demonstration for his formula, and publishes none of the 
data from which its constants were derived, thus rendering his personal accuracy and 
thoroughness its only guarantees. 

II. While the form of the equation proves that it is based upon the supposition of 
uniform motion, Mr. Kllet shows that he does not understand the essential requirements 
of this condition by his remarks upon the slope of the surface of the river. No formula 
Of this character can apply even approximately to such a river as he describes. There 
are very many places on the Mississippi where the current tlows through a nearly straight 
and regular cross-section, and when- the requisite approximation to uniformity for short 
distances may properly be considered to exist. To such places oidy can a simple for- 
mula fike his apply. Observations which should be rejectee 1 have, t here fore, probably 
been admitted among those from which its constants have been derived. 

III. It does not bear the test of practical application. Stevenson reports its failure 
when applied to British streams. The observations of this Survey— and even the nice 
measurements made by Mr. Ellet himself upon the Ohio at Point Pleasant, in 1858, and 
reported in bis pamphlet upon the Kanawha-river improvement — show that it is the 
worst ever BUfHSSSted, Its enormous discrepancies, when applied to the Mississippi, will 
receive a further notice in Chapter V. Mr. Ellet himself seems to have discovered its 
errors since the publication of his report, for in his pamphlet on the Kanawha-river im- 
provement, published in LS">8, he does not refer to it, but uses "the hydraulic formula 
on which engineers rely for determining the How of water." 
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IV. It is theoretically inexact — Ear more so than any of fehe others. No fowmila 

can he correct which Joes not contain :ill the essential variables upon which the solution 
of the problem depends, All writers of note upon the laws of ilowhsg water agree that 
the area of cross-section and the perimeter are such variables; the ratio between them, 
denominated the mean radius, being the usual form under which they are introduced. 
No such variables are to be found in Mr. Bllet's formula. Their place is supplied by the 
wK.n'mtim depth, a quantity which for good and sufficient reasons has never been intro- 
duced into any general equation heretofore proposed. Without further discussion, which 
will hardly be deemed necessary by those acquainted with the subject, it may be added 
that, according to Mr. Ellet's formula, the mean velocity would remain the same whether 
the stream were a few feet or a mile in width, the maximum depth and the slope con- 
tinning unchanged. Also that the mean velocity would be unchanged in a section con- 
taining a deep hole like that at Natchez (plate X), if the whole channel vnm- to be 
excavated to a uniform depth equal to the maximum. If this formula were proposed lor 
certain localities on a certain river, it might he supposed that Mr. Eliot had found no 
essential error to arise from assuming the ratio between the mean radius and the maxi- 
mum depth to be constant, but being designed to embrace ''great rivers of gentle slope 
in full ilood, and passing from those to smaller streams of abrupt descent and in various 
conditions of their channels," the assumption is untenable, as a very cursory inspection 
of published cross-sections of rivers will show. To illustrate bow entirely Mr. Ellet 
trusted to the exactness of this formula, it may he added that lie actually considered it 
to be applicable to the involved and complex conditions governing the tlow of water 
through crevasses. No further comments are needful to prepare one to learn that most 
of the practical conclusions of Mr. Ellet in reference to protection against the inunda- 
tions ti( the Mississippi have been proved to be erroneous by the actual measurements 
of tin's Survey. 

_. „ 15. Stevenson's formulas are offered without any demonstration, and 

That of , J 

Stevenson, U* as follows : — 

A- = //(rII)W. 

5880 c 

£ -~i!0~* 

lien; ./■ is the true mean veloeily. in miles, per hour; z, the same quantity, in feet, 
per minute; II, the fall id' 1 be surlace, In leet. per mile; and//, "a quantity which is 
found to vary from 0.65 for small streams under 2000 cubic feet per minute to 0.0 lor 
large rivers such as the Clyde or the Tay." 

A simple process of algebraic reduction resolves these equations into the Chozy Ibr- 
mula, with a numerical coefficient equal to lOh.fi //. Hence, as no equation for// was 
proposed by Mr. Stevenson, tlie result of his discussion of the suhject might have been 
more simply stated by presenting Cheyy's formula With a coefficient varying from 69 
''for small streams under 2000 cubic leet per minute" to 96 "lor large rivers such as 
the Clyde or the Tay." That is— 

For small streams : v = 69 ( /■ *) '* . 
For large strea ms : r = 9 1> (/*)'' . 
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METHOD OF OAUOING THE MISSISSIPPI, ITS TRIBUTARIES AND ITS 

CREVASSES. 
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ilnii ol tin- stib-MirfeCT curve of wlocity. — Some of the lioriswatal curve, — Parameter law deduced-— It applies 
to suVsnrfiic.' curves, with a uiooifieation for small streams. — Equation for menu of whole vertical curve, — 
Locus of maximum velocity below the snrfACft, including effect of wind.-— Preliminary compnteUot) of discharge 
, effected fin chaog* of velocity holow the surface.— System f»r interpolating discharges— Method of transfer- 
ring measured discharges. — Phenomena aiiendunt \i\mu crevasses, — Measurement of velocity uud resulting 
formula.— fitepth*— Width.— Practical coefficient for exception id case of arevassea. — Incidental computation of 
ratio between ruin and drainage in Yazoo basfa, 

Tin: preceding chapter exhibits the imperfect condition of river hydraulics. Discordant 

statements and theories are ibuiid in the works of the most eminent 

writers, and it IS apparent that the laws enunciated rest upon hypothe- system of 

sis and imperfect data rather than Upon principles established by measurements 

» , * .1 i • - i • i« A - essential to the 

extended and thorough experimental investigation. investigations 

This condition of the science of river hydraulics has been very ttti- of the present 
fortunate for the Mississippi valley, since it has prevented any satis- urve y* 
factory discussion ul' the best method of guarding against its inundations. The wild 
speculations and impracticable plans of security u lie red, even by writers of ability, are 
the necessary result ol" the want of knowledge, both of essential facts and of the prin- 
ciples upoD which deduction* should be drawn from such as are known. 

The first object of the Survey was the establishment of a system of observation, by 

which a mass of facts would he collected to form the foundation of correct theories, and 

thus become the basis of an intelligent investigation of the subject. The nature of the 

practical requirements of the problem will be understood by a glance at one of the 

characteristic features of the alluvial lands of the Mississippi. The river below Cape 

Girardeau ilows through immense swamps, which, from time immemorial, have 

received a portion u f the tlood waters, The extension and perfection of the levee 

system will result in shutting on* this water from these swamps, and confining it to the 

river. Neglecting, for the present, the consideration of the effect which this will have 

in changing the abrading power of the stream, two great and equally important 

questions suggest themselves: first, how much water will thus be added to the present 

histhrWater discharge tit any given point; and, second, what will be its effect in changing 

the local hi-di-waier murk? The object of the present chapter is to explain the method 

employed iu collecting ami reducing the data necessary to answer the first of these 

questions. 

(221) 
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The general plan of operations was to determine, as accurately as possible, the (lis- 
General scope of c ' tar S e 0I " the river in its different singes at all points from Cairo to New 
the field opera- Orleans; the quantity added by the tributaries below the Ohio, and the 
quantity escaping during flood into the different swamps, The follow- 
ing is a synopsis ot" the field work performed : — 

A series of daily measurements of discharge was made at Carrol I ton, Louisiana, 
(plate III), from February 15, 1851, to February IS, 1S52. When field work was 
resumed in 1857, similar series were made at Columbus. Kentucky (plate III), from 
December 1 1. I*"i7, to November 16, 185S; at Natchez, Mississippi, from January S, to 
February 20, 1S5S; and at Fieksburg, Mississippi (plate III), from February 2-1, to 
December 15, 1858; together with corresponding observations upon the Arkansas river, 
at Napoleon, from December 2!), 1857, to November 30, 185S. Besides these continuous 
series, uiauy measurements of width, depth, area- of cross-section, discharge, etc., were 
made both upon the Mississippi and upon its tributaries and bayous from the Ohio to 
the gulf. 

Various gaugings were made of crevasses both large and small, and all facts essential 
to an approximate computation of the discharge of those which occurred between Red 
river and New Orleans, in 1851, and between Gape Girardeau and New Orleans, in 
1858, were collected. As a check upon these measurements, winch, from their nature, 
were liable to some inaccuracy, various cross-sections of the swamp lauds were made, 
and others obtained from sources already named, with a view to determine as closely as 
possible the capacity of these swamps as reservoirs for the Jlood waters escaping through 
or over the river banks, and thus to collect the data lor a double computation of the 
amount of water actually subtracted from the river. 

Full details ^ e Int -'^ 10 ^ °^ conducting the field work and of computing the 

respecting' field results will he explained in great detail, in order that it may be seen 
and office work w j Iftt ,i e , rreo r confidence the conclusions hereafter to he drawn from 
this material are entitled to. 



HELD Ol'Etl.VriONS FOIt GAUGING THE MISSISSIPPI RIVKH AND TKJIUTAHIKS. 

Accurate measurements for determining the discharge of a river involve an exact 

determination of the cross-section at the locality chosen, and of (he velocity of the water 
in passing through all portions of it. These two subjects will be treated in turn. 

Area oferos&Geetian. — The strength of the current, the depth and width of the river, 
p ,. , and the floating drift-wood, all combine to render an accurate measure- 

method adopted meat of this quantity a difficult operation on the Mississippi. After 

for determining various experiments, the following system was adopted, bv which aecti- 
the dimensions ' , * . .,',". m 

of cross-section rate work may be done even in the highest stages of the river. 1 '"' 

of the river. middle stages were usually selected for tlie purpose; being preferable tn 

the low stages, during which there would lie exposure to oppressive heat and disease, 

and more favorable than the high singes, when (be diflieulties attending accurate 

nieas u re men t are g reatee t . 

Preparatory to making a cross-section of tbe river, wbetber for general purposes of 

comparison or for determining the discharge, a base-line, varying in length from 41)0 (o 
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1000 foot, was measured along the bank near tlic water's edge. An observer, with a 
theodolite, was stationed at each extremity of this line. The one directed the telescope 
of his instrument across tin.* river so as to command the line on which the soundings 
were to be made; the other prepared to follow the bout with his telescope in order to 
measure its angular distance from the base-line when each sounding was taken. The 
bout, a light, six-oared skiff, contained a man provided with a sounding-chain, a, 
recorder with a Hag, and three oarsmen. The strongest kind of welded jack-chain was 
employed, to which bits of buckskin were attached at intervals of u feet; smaller 
divisions being measured with a rod in the boat. The sinker, varying from tun to twenty 
pounds in weight, according to the force of the current, was a leaden bar whose bottom 
was hollowed out and armed with grease in order to bring up specimens of the bed of 
the river. The patent lead was also used for the latter purpose. The boat was rowed 
some little distance above the proposed section-line, and allowed to drift down with the 
current the sounding-lead being lowered nearly to the bottom. By this precaution, the 
deflection of the line by the force of the current was prevented. When the lirst 
observer, stationed on the proposed section-line, saw that the boat had nearly reached 
it, he waved a Hag as a signal to take a sounding, and then carefully turned his instru- 
ment so as to keep the vertical hair of his telescope upon the point where the chain 
crossed the gunwale of the boat. The recorder in the boat, seeing the signal, waved 
his flag to the second engineer to follow the boat carefully with his telescope. The 
man with the sounding-chain allowed it to slip rapidly through his hands until the lead 
struck the bottom, when he grasped the chain at the water surface and instantly rose 
to a standing position. This motion was the signal lor arresting the movement of each 
telescope and recording the angles. The recorder in the boat noted the depth of the 
water, and the nature of the bottom adhering to the lead. By the angles measured at 
the base-line, the exact position of the sounding, which was never more than a few feet 
above or below the proposed section-line, was ascertained. The process was repeated 
until soundings enough had been taken to give an accurate cross-section of the river. 
Careful lines of level were then run up each bank from the water's surface to points 
above the level of the highest lloods, when such points existed. Generally, the trian- 
gles were computed, and the work was plotted, before leaving the place, in order to till, 
by additional soundings, any gaps winch might appear on the diagram. 

Where a series of daily observations for discbarge was to be made, two independent 
sections, 200 feet apart, were sounded with the greatest care. Sound- Additi(mal pre . 
ings repeated from time to time upon these lines uniformly showed that cautioas at per- 
no sensible changes took place in the bed of the river. The mean of all ^^ n n t s veloclty 
such sections, when reduced to the same stage of the river, was accord- 
ingly always taken for the true cross-section at the locality. The change in area pro- 
duced by any change of level in water surlaec can be readily computed from the plotted 
section. To determine the daily changes of this level, a gauge-rod, graduated to feet 
iuid tenths, was observed daily; its correctness of adjustment being frequently tested by 
comparison with secure bench- marks. An accurate knowledge of the area of the cross- 
sertion of the river on any given day was thus obtained. 

The detailed measurements of all the sounding operations are given in Appendix 0, 
and a few of lite characteristic sections exhibited on plate X. 
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Velocity of (he current, — Narrow and straight portions of the river, whore I he form 
of its cross-section approximated most nearly to that of a canal, where the waters of 
the highest floods were confined to the channel by natural bunks or by levees, and 
where tlie river at all Stages was free from eddies, were selected lor the permanent 
velocity stations. 

The depth of the river and the viol en ce of its current rendered the measurement, 
of the velocity, especially below the surface, exceedingly difficult. Of 

Different instru- ,, ,, ,, ' , , ',, , , . . ., . ,. ' ,, . . , tl 

ments used for ;l " *" e methods known lor determining tins quantity, that by double 
determining- the Boats was found to give the hest results. A few measurements of the 
currenf ° f velocity of tributary streams, where both banks were submerged, were 

made with a ship's log; and some few observations were taken at the 
mouth of the river with Sax ton's current-meter; but for all other velocity observations, 
the don 1 ile float WftS exclusively used. Various kinds were tested. Solid culies of 
wood about 1 foot on the od.ne were first tried. They were loaded with lead, so us to 
sink, and suspended by cords from surface floats of cork, bearing small flags. They 
proved to he too heavy for convenience. Bottles, partly tilled with water and sus- 
pended in the same manner, were tested, hut they did not present sufficient surface 
to the current to he adopted. Kegs without bottom or top. ballasted with strips of 
lead so as to sink and remain upright, were next tried for the lower floats. A rope 
handle was secured to the upper end of each, and connected by a eord with a surface 
float made either of light pine or cork, or hollow tin. A small Hag was attached to a 
wire about a font in length rising from the top of the surface float iu order to make it 
visible. The dimensions of the floats were as follows: For the work in 1X51, kegs ]"> 
inches in height by 10 inches in diameter; cord two-tenths of an inch in diameter: sur- 
face float of cork about * inches square by B inches thick, submerged an inch and a 
half: for the work iu 1858, kegs (paint kegs) about '.' inches in height by fi inches in 
diameter; cord one-tenth of an inch iu diameter; surface floats, — -when of light pine, 5.5 
by 5.5 by 0.5 inches, — when of tin, of an ellipsoidal form, the axes being 5.5 and 1.5 
inches. For velocity observations more than 5 feet below the surface in 1S51, no 
change was made, but in 1858 the kegs were made larger, being \"1 inches iu height by 
8 inches in diameter, with a cord rather less than two-tenths of an inch in diameter. 
By varying the length id' the cord, the keg could be made to sink to any required 
depth, and its size was so much greater than thai of the surface float that the latter 
did not sensibly affect the rate of movement. This assumption was tested by placing 
the apparatus in still water during a high wind, and also by noticing the direction of 
the paths of the floats during a. gale blowing directly across the river, No wind efleot 
of consequence could be detected in either case. Hence by causing the keg to pass 
through the different parts of the cross-section of the river, (In- velocity at all points 
could be measured. The method of conducting these observations was the following: — 
Two parallel cross-sections of the river having been made as already explained] 200 
Method of con- ' eu * apart, a base-line of the same length was laid off upon the bank 
ducting velocity from one to the other, being of course perpendicular to bolh. This 
measurements. length was sullicient to insure accuracy without being too great either 
for convenience in communicating, or fbr observing many floats in a day, or for avoid- 
ing local changes ID velocity. An observer with a theodolite was stationed at each 
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extremity of the bnse-line. It is evident that when the telescopes were directed upon the 
river with their axes set at right angles to the huse-line, the vertical cross-hairs marked 
nut the lines of sounding upon the water surface, and that the time of passage of a float 
between these lines was that consumed in passing 200 leot. Also, that if the angular 
distance ftf a float from the base-line when crossing each line of sounding was measured, 
its distance in feet from the former could readily lie computed and its path fixed. 

Upon these principles, the observations were conducted. Two skills were stationed 
on the river, one considerably above the Upper, and the other below the lower, section- 
line; the former boat being provided with several keg-f!oats. At a signal from the 
engineer at the upper station, whose telescope was set upon the upper section-line, a 
float was placed in the river. The keg immediately sank to the depth allowed by its 
cord and the whole float moved down toward the upper line, The observer at the 
lower station followed its motion, keeping the crosshair of his telescope directed con- 
stantly upon the Hag. At the word "Mark!"' uttered by Ids companion when the float 
crossed the upper line, he recorded the angle shown by Ids instrument, and then set- 
tin" his telescope upon the lower line, watched for the arrival of the float. In the 
mean time the observer at the tipper station, whose theodolite supported, a watch witli 
b large second-hand, recorded the time of transit of the float across the upper line, and 
then followed the Hag with his telescope. At the word "Mark!" given by his assistant 
when the flag crossed the lower line, he recorded the time and angular distance from 
(he base-line. The float was picked up by the lower boat. By this method the exact 
point of crossing each section-line and the time of transit were ascertained. When the 
velocity was not too great, the time was noted by the engineer at the lower station 
also, to "'uard against error. A stop-watch was sometimes used. 

This system was adopted lbr the observations both of 1851 and of 185$, with an 
important difference, however, in the depth of the floats. It is evidently Difference & 
impossible lo observe floats daily in all parts of the cross-section, The the systems 
best practical method, therefore, is to adopt a uniform depth for all the ^1858 ^ *** 
floats distribute them equally across the entile river, and multiply the 
resulting discharge h\ the ratio of the velocity at the assumed depth to the mean 
velocity of the whole vertical curve. But this ratio was unknown in 1851, the prac- 
lica! law of change of velocity in a vertical plane parallel to the current having thus 
far baffled all efforts of hydraulic engineers for its elucidation. It was, therefore, 
deemed unsafe to depend upon this method at the outset, and Professor Forshey's party 
were instructed temporarily to distribute the floats as uniformly as possible, at all 
depths and at all distances from the banks, in measuring the discharge; while at the 
same time especial experiments were made to determine the law of change of velocity 
below the surface. 

Various methods of observing for the hitter purpose were resorted to. Haxton's 

current-meter was tried, but proved to be unsuited to measurements in 

ii river of such ereafc dentil and violence of current. Only double floats Observations for 

,. , , ij rni i .• , the deter mina- 

were linmd to give reliable results. J. he observations were made at tion of the law 

different distance*! from the hanks, the boat being anchored considerably regulating the 

above the upper line, -Many scries of floats were thus observed at each jJjJJjJ^B*. 

station, the kegti passing at all depths from the surface nearly to the face to bottom. 

29 
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bottom, Discrepancies being manifest in the results, every care was taken to avoid 
causes of error, by changing the order of depth] sometimes observing a targe number 

at the .sume depth consecutively, and at other times passing rapidly from the surface to 
the bottom of the river, observing a single float at each depth. Experiments were thus 
made at high and low water at various points near Carrollton and Baton Rouge. 
When field work was resumed in 1S57, a uniform depth of 5 feet below the surface 
was taken for all Moats, a lew especial observations being however made upon the 
velocity at different depths in the same vertical plane. A full discussion of the law of 
change in velocity below the surface will be given in the next division of this chapter- 

PRELIMINARY COMl'CTATfo.V OF DISCHARGE, NEGLECTING CHANGES IN TELOCITY BELOW 

THE S IK FACE. 

M'mlssii>pi rirer. — A separate plot of each day's velocity observations was made in 
Method of nlot- ^ m fol^^hlg manner : Lines were drawn upon section- paper to rep re- 
ting velocity sent the section-lines, the base-line, and the water edges. The dis- 
measurements. tanecs from the base-hue to the points where each float crossed the 
section-lines were then computed by a table of natural tangents, and the points laid 
down upon the plot- Straight lines connecting the two corresponding points indicated 
the paths of the lloats, which were, of course, nearly perpendicular to the section- 
lines. The number of seconds of transit and the depth of the Boat being inscribed upon 
these plotted paths, the resulting diagram afforded the means of conveniently comparing 
the velocities in different parts of the section. 

Deferring for the present the discussion of the analytical relations shown to exist 
between these velocities, it is su Indent to state that the velocity in- 
iiijr the floats creased gradually and quite uniformly with the distance from the banks 
until the thread of the current was reached. Conceiving the eross- 
seetiou of the river to he divided by a system of vertical lines *J<K) feet apart, the velocity 
was found to vary but slightly throughout the spaces limited by these vertical lines, 
except in the immediate vicinity uf the banks. The first step, therefore, wns to divide 
the daily velocity plots by parallel lines UdO feet apart, the first being the base-line, and 
to take a mean of the seconds of transit of all Boats in each of these tHridom, so called. 
The corresponding velocity, taken from a table constructed fbr the purpose, was con- 
sidered to be the mean velocity of the division — absolute lor the observations of J Sol, 
and relative fur those of I808. For the shore divisions, unless the lloats happened 
to be well distributed through them, the mean velocity was assumed to be eight-tenths 
of that at the outer edge, a rule deduced from a subdivision and study of the velocity, 
when thoroughly measured in these divisions. 

To guard against, errors, the day's work was next plotted in a curve, whose ordinates 
Methodofche k- Were l ' lu mCJtLU velocities of the different divisions, and whose ahscissie 
ing; and, when were the distances of their middle points from the base-line. When 
necessary, of observations on any day were wanting in a division, these curves 

f !' t 6rl M J J ;i t ! If ! ■' <r n 

afforded the best possible means for interpolation. When observations 
in several divisions were wanting, the following plan was adopted : A simple inspection 
of the daily curves showed a change in form corresponding to a change in mean velocity 
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of the river. Deferring for the present the theoretical discussion of this change, it is 
sufficient to state that the form was found to remain sensibly the same for variations of 
a foot in this mean velocity. The complete or nearly complete daily observations were 
therefore computed, and the mean velocity of the river determined in the manner soon 
to he detailed. The daily curves were then grouped and mean curves computed and 
plotted for each even foot of these mean velocities. The defective sets of observations 
were next plotted, and the velocities of the wanting divisions interpolated from a com- 
parison with the form of the mean curve of corresponding stage. These mean curves 
also served to correct errors in the work of 1851, arising from a deficiency in the 
number of the floats or from their imperfect distribution. They are represented on 
plate XL The exact data for Carrollton are given in the following table : — 
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The data for Natchez are presented in the following table, and for Columbus and 
Vicksbum iu those un pages 240 and 242. 
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In the tables in Appendix I), the menu velocity of every division for all discharge 
measurements made upon the Survey is given; "old style" figures being ^^h^ „f 
employed to distinguish interpolations from observations. Unless stated computing the 
to the contrary, the width of the divisions is uniformly 200 feet. It is « lsca »rge- 
evident that, if the areas of all the divisions were equal, the discharge would be the pro- 
duct of the total area of cross-section by the mean of the velocities of all the divisions. 
This is however, never the ease for natural channels. Neither is the ratio of these areas 
constant, for the different stages of the river. The only accurate method of computation, 
tln'ivloiv. is to multiply each division area by its velocity, and take the sum of the 
products for the discharge. This sum, divided by the total area of cross-section, is the 
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approximate mean velocity of the river, Thin method, although veiy laborious, was 
adopted I'm- fchia Survey. As already intimated, a mean of the low-water areas on all 
the plots of both linen of soundings was taken for the true low-water area of each divi- 
sion. For the .shore divisions, the areas at the other stages of the liver were computed 
in the same way, but for' the intermediate divisions, since they were all 200 feet in 
width, an addition to the low-water area of 200 x 0.1 = 20 square feet was made lor 
each ten tli of foot of rise in the river. 

To simplify the computation, tables were prepared giving the velocity and its loga- 
rithm for all observed seconds of transit past a base-line of 200 feet, and the area of eaeh 
division with its logarithm for every reading of I he gauge corresponding to velocity 
observations. The sum of the two proper logarithms from those tables for any day was 
the logarithm of the discharge of the division in cubic feet per second, and the sum of 
these discharges for all the divisions was the total discharge of tin* river. When floats 
were observed at all depths, as at Carrolltou in 1S->1, this discharge is as absolutely 
eorrect as can be deduced from the observations. When* the Boats were all at a fixed 
depth below the surface, as in the observations of L86T — i 58, this discharge is only 
approximate and is to be multiplied by the ratio of the velocity at this deptii to the 
mean of the whole vertical curve. In (lie latter case it is named "approximate dis 
charge" in the tables. The method of deducing the ratio for correction will receive a 
full discussion in the next division of this chapter. 

The method above detailed was used in computing all discharges of the Mississippi 
river, except those near Red river, on March 12 and ID, 1851. On 
toSkmSr t]i ''* e (i:l J s > ftS 01lI y a few Boats were observed, and as the curve of 
velocity in the different divisions was not sufficiently determined for 
accurate interpolation, it was thought better to assume thiil the discharge bore the 
same ratio to that on other days when it was accurately measured, as the mean velo- 
city of all the Boats observed bore to the mean of floats passing over the same paths on 
those other days. 

Tnbidarim, — The lahor which it exacts prevented the adoption of the partial-area 

More simple me- * s y Htem °f Computation for the tributaries and bayous. It was con- 

thod of coiuput- sidered sufficiently accurate for those streams to deduce a discharge, 

ingrthe dis- called "approximate discharge* 1 in the tables, by multiplying the area of 

charge adopted Y , , . , " 

for tributary cross-scutum by the mean of the velocities ol all the divisions, the lloats 

streams. j tl triu .j 1 division being plotted and grouped as described for the Missis- 

sippi itself. To eorrect the result for the errors arising from difference in the area of 
different divisions and from change of velocity below the surface, this approximate dis- 
charge wtis multiplied by a ratio obtained by dividing the true mean velocity of the 
Mississippi by the corres ponding mean velocity •"> feel below the surface. The follow- 
ing table exhibits these ratios for Columbus, Yickslmrg, and Natchez; — 
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The three mean ratios were adopted for computing the discharge of all the tribu- 
taries and bayous except that of bayou Plaqucmine and bayou La Fourche, where, as a 
very exact determination was required, the partial-area system was used; the sum of 
the approximate discharges of all the divisions being multiplied by a ratio between the 
velocity at the observed depth and the mean velocity of the whole vertical curve, 
deduced from especial observations upon the bayous themselves. 

The change of velocity below the surface is a subject to be discussed, in order to 
explain the manner of deducing the ratios used in computing the An important 
revised discharges of the Mississippi, when all the observations were digression now 
made at a fixed depth. For convenience it will be treated in an necessary, 
independent division of this chapter. 

VELOCITY IN OUTKKENT PAKTS OF TUB CHOSS-SECTIOlf. 

Before entering into this somewhat long and intricate discussion, the general prin- 
ciple upon which it has been Conducted will be enunciated. The pre- — theorems- 
ceding chapter shows that two radically different methods have been admissible in in- 
heretofore used in such investigations. Some writers, adopting a sys- j™' 1 ^^^* 
tern of laws based upon theoretical inferences, have proceeded to deduce the action of 
corresponding formula 1 . Others, of whom Michelotte and Dubuat are cohesion, 
the chief, have limited their endeavors to generalizing by their Ibrmuke the truths 
revealed by their observations. The latter method has been exclusively followed in 
this investigation of the true ratio between the velocity 5 feet below the surface in 
any vertical plane parallel to the current and the mean of all the velocities in this 
plane. New laws of great practical value have been developed, some theoretical use of 
which will be made in the next chapter, but here theories are only admitted when 
established by observations. 

The list on pages 200, 201 and 202. which explains in full the rather peculiar 
system of flotation rendered necessary by the unusual number of quau- symbols 

titles to lie considered, should be carefully examined. 

Velocity hekw the swfiusb. — As already stated, very ehi borate series of observations, 
to determine the law governing the change of velocity from surface to 
bottom, were conducted in IS 51 at Carrol Hon (plate III) and Baton avofd^urees of 
Rouge from boats anchored at different distances from the banks, error in conduct- 
besides manv isolated experiments while observing for discharge. To ing £ 
counteract, as far as possible, any effect of change in velocity during 
the observations, the order of observing at different depths was constantly varied, 
.Sometimes the series of observations consisted of one at each depth from surface to hot- 
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torn or bottom to surface. Sometimes many observations were made consecutively at 

each depth. Sometimes Boats were started aear the .surface and near the bottom, and the 

distances from these planes were successively increased until the mid-depth was reached. 

In fine, every effort was made to avoid and eliminate error. The first steps toward 

dei hieing the law from the observations were, therefore, very si m pic. 

As floats are compelled to puss through nearly the same paths when starting from a 

_. .„ .. fixed station, and are, consequently, unaffected by the change in velo- 

tiiassitlcation , * «* J * a 

and primary eily due to difference in distance from the banks, the principle was 

combination of adopted of depending entirely upon the elaborated sets of observations 
observations. 

from anchored boats. All the observations of each set being thus con- 
fined tu nearly the same vertical plane, one great cause of error was practically elimi- 
nated. From the position of the boat, found by triangulation, the recorded gauge- 
reading, and the- known depths of the different parts of the river section, the depth of 
water in each vertical plane of passage was readily determined. The velocity of each 
float was deduced from the recorded seconds of transit past the basedinc, and a mean 
taken of all the observations at each depth for the true velocity at that depth. The 
curves resulting from applying this process to all the different sets of observations were 
next plotted upon Be©tion*psper on a large scale, the depths of the floats forming the 
ordinates, and their velocities the corresponding abscissa 1 . A general difference of 
form in the curve at high and at low stages of the river was manifest, although irregu- 
larities were sufficiently apparent, as may lx? seen by reference to the following tables. 
It was evident that some combination of curves was necessary to reconcile discrepancies 
of observations. 

The first method adopted was to combine all curves of observation where neither 
the depth of water nor the velocity of tin- river varied materially. This was done 
by taking a mean of Uie velocities of all the floats at each depth, each set of observa- 
tions thus receiving a weight proportioned to its number of observations at each point. 
When observations were wanting at any depth, careful interpolations were made from 
the plotted curve. The resulting mean curves are exhibited on plate XI, figures 1, 3, 
10, 2, 4, f J, the numbers being shown in the following tables: — 

&ttft-x»rf<tt:f nluc'ity oliHcfrntioitJi td hhjh xtmjex of the rirer, //" mitrr Jx imj nixiid 1 \{) fuel deep. 
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Suit-surface velocity oltserratiojts at high -stages of therirer, the water being about 70 feet deep. 
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Subsurface velocity observations at high stages 0/ the liver, the water being about 55 feet deep. 
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Subsurface velocity observations at low stages of the river, die water being about 100 feet deep. 
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Suit-surface velocity of/serrations at lute stages of the river, the water being about 80 feet deep. 
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S>ihfi»rf<i<< velocity observations ut luv stoijesof tfo- r'trtrjh- trutrr being about fiQfeel deep. 
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These curves at once indicate tlie existence (if law, although the discrepancies are 

too great to permit the deduction of any algebraic expression for it. It 

is evident, however, that the velocity differs very little at different 

depths; that, it at first, increases mid then decreases as the depth is increased; that the 

point of maximum velocity is found at a verj* variable depth below the surface; and 

that the degree of curvature of the curve varies with the stage of the river. 

It is manifest that some further combination is necessary in order t<> eliminate the 

effect of disturbing causes. Since the absolute depths differ, tins can 

nation of ^rves 011 ' v ' x ' ^ ona ' JV combining the velocities at proportional depths, leav- 

by proportional ing the correctness of this principle of combination to he eventually 

depths nee es- tested by the application to each individual curve of the laws thus 
sary. •> [ l 

deduced. The method adopted for this combination was to plot the 
mean curves on a scale so distorted that thousandths of a liiol of velocity were readily 
distinguished. The entire depth was then divided into ten equal parts. Horizontal 
lines were drawn and the velocities at their points of cutting the curves noted. These 
numbers were the most correct interpolations that coidd be made for the velocity at 
each tenth of depth, and they were next combined in the ratio of the number of obser- 
vations at each point of the original curves of observations. The points inclosed hy 
circles in figure 10, plate XI, exhibit the mean points thus determined, the grand 
mean of all the observations from anchored boats. They arc plotted from the first 
column of tlie next table. Each point is fixed by 'l'1'l observations; enough, as the 
result proves, to eliminate irregularities and to reveal the law governing the transmis- 
sion of resistances through the fluid. 

The curve formed by connecting these points is evidently symmetrical, having a 
,, , . , horizontal axis whose depih below the surface is about three-tenths of 

Algebraic analy- . , _ , . ' ft11 ,. ,, , 

sis of resulting tlie total depth of the river. I be peculiar form .suggests that it may 

grand-mean ] Jt . u]m f t j, e iHm \ c sections. To decide which one it must be, if either 

curve- n 

of them, the general equation of these curves is assumed referred to 

rectangular co-ordinate axes, the origin being at tic vertex, ami the axis of X being 

the axis of the curve.* The curve can be passed through any two points, p t ar, and 

//,, ■('„. by assigning the following values to 11* and 2 P, viz.: — 



*y'= It 1 . i' '.' I', i 
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rj 2 _ %l 5 — *u ¥£ . 

"h s t ' — */ x u 
2 p = ?> X1 - y . 

By a. well-known law of the conic sections, when R*==Q, bhfl curve is a parabola; 
when R 2 <0, an ellipse; when E' > 0, an hyperbola. If, then, the known point of the 
curve most distant, from the axis be assumed for .'•, //„ and the intermediate points suc- 
cessively for J-',, ?/„, the corresponding values of R s will decide which, if either, of these 
curves represents the law of change of velocity below the surface. It should be added 
that, as a mathematically regul&t curve never results from actual observations, it is not 
to be expected that R 2 shall become absolutely zero, even if the law he parabolic, but 
only that its different values shall he very small and of different signs. The first 
four columns of the next table exhibit the details of the application of this process 
to the curve in question. The values of ;r H represent the differences between the. 
maximum velocity (3.2011) and that at the depth considered. The values of //„ 
denote the distances from the axis (assumed at 0.3 of the. depth below the surface) of 
the riven points; the entire depth being considered unity.* The v id nes of ,»■, //, corre- 
spond to n. depth of 0.0 D. viz., x, = 0.2852 ; ij, = 0,0. The values of R s in the fourth 
column of- this table prove conclusively that, if the curve which reveals the law of 
transmission of resistances through the thud be either of the conie sections, it nuvst be 
considered a parabola; for the term R" ,>~ varies in sign, and has, uniformly, too small a 
numerical value to be of any importance. Whether it is this curve or not, must be 
decided bv the degree of coincidence between the observations and the corresponding 
points of that parabola which gives the minimum moan difference. The next step, 
then, is to deduce the equation of this parabola. 

The most rapid and convenient method in practice is the following, in which much 
calculation is saved by the eye, and all requisite accuracy attained. The equation of a 
common parabola, referred to rectangular co-ordinate axes (the axis of X being the 
axis of the curve), with the condition imposed of passing through two points, the co- 
ordinates of one of which are denoted by ,;■, and 0, is — 

Km ' ^ 
The axis of the curve of observations is approximately constructed, and assumed as 
the axis of X. It cuts the curve at the point .r, 0, and thus lixes the value of a;,. The 
known point most distant from the axis of X is assumed for the point ;>*„ y„. The 
constants of the equation being thus known, the values of x for all the depths at which 
observations have been made are computed. To make the parabola accord as closely 
as possible with the observations, the difference between the sum of these values of x 
and the sum of the observed velocities, divided by the number of points determined, is 
then applied as a correction to the arbitrary constant and to each computed value of 
x- a positive sign being used when the sum of the observed velocities is the greater, 
and a negative, when this sum is the less. Computing other points, if desirable, this 
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parabola Is now plotted on the ?ame scale as the curve of observations. When a copy on 
semi-transparent tracing-paper is placed upon the curve of observations, the eye at once 
detects if a closer approximation can be made by slightly changing the depth of the 
axis, or the position of the point z# //„. After a little experience it is seldom necessary 
to make more than one or two trials. By this process, the following equation was 
deduced for the parabola corresponding to the grand-mean curve of observations: — 

r=— 0.79222^+3.2611, 
in which V, taking the place of %, is the velocity in feet, and <<„, taking the place of y, 
is the distance from the axis, in fractional parts of the whole depth, considered unity. 
The last columns of the following table exhibit the comparison between the observations 
and the parabola. 
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It proves to be a The two curves, represented by figure 1G, plate XT, almost coincide, 

axis is uarallef a,u ^ '* ' s the re lore claimed that experiment demonstrates that ike celocitlt's 

to and below the f</ different depffii hi Imp Ihr. xiirjitif, la o Vt rtintl j>Ittw„ mry OS the (tbecistiSB 

wa er sur aee. u j- tf ^,,, v ,/, /,,^ w / ltlN( . , 07 \. ;. s . jj ll: ,, r ; N ,,f X tti><l /xiralh t In tin with r sur- 

Jncr; also that the axis of the curve -may be considerably below the surface 

The next step iu the investigation was to determine whether the parabola retained 
A f rther analv- aii Illlc ' liin £ m o parameter and a uniform position of axis. To solve 



sis of the data 
shows that the 
parameter and 
depth of axis 
both vary. 



these questions, a separate combination of all high-water and alt low-water 
curves, reduced to tenths of depth, was made, each curve having a 
weight proportional to its number of observations at each point. Figures 
18 and M. plate XI, exhibit the two resulting curves. The mean high- 
water curve (the mean of all observations made at high stages of the river] is evidently 
parabolic in form, with the axis horizontal and about 0.360 of the depth below the 
surface. The mean low-water curve exhibits greater irregularities, but is still parabolic, 
with its axis about O.ToQ of the depth below the surface. By further subdivision of the 
data, other mean curves were obtained, corresponding to intermediate stages, but the 
number of observations at each point was so limited that the errors of observation con- 
coaled the distinctive ionn of the curve. This was to be expected, since, in experi- 
ments of such delicacy, these errors can only be eliminated by the mutual obliteration 
resulting from a combination of many observations. By the process already detailed, 
the equations of parabolas which should coincide as nearly as possible with these high 
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water and low-water mean curves of observations, were deduced. The parameter (I he 
constant which fixes the degree of curvature of the parabola) was found to vary mate- 
rially in the high-water, the low-water, and the grand-mean curves. The position of 
the axis, as already seen, was also different in each of these curves. 

The practical importance of this investigation, in deducing the absolute daily dis- 
charge of the river at Columbus, Vicksburg, and other places, rendered imperatively 
necessary a study of the laws by which these quantities varied, although the subject 
was rather unpromising in appearance. 

Neglecting for the time the position of the axis, the law of change in the parameter 
(and. consequently, in the form of the curve) was first investigated. To 
this end a new curve had to be determined, which should exhibit the the^aw govern- 
law of change in the parameter. The data, as already seen, consisted ing the change in 
of the parameters of the grand mean, of the high- water mean and of the the parameter, 
low -water mean curves ; the first known accurately, the second quite closely, aud the 
third only approximately, in consequence of discrepancies of observation having par- 
tially vitiated the form of the curves of observations, from which it was deduced. The 
reciprocals of these quantities were taken jis the abscissa? in the parameter curve. The 
first question which arose was, what are the corresponding ordiuatcs? that is, with what 
do the reciprocals of the parameters vary ? with any particular velocity or with the 
mean velocity of the curves themselves? or with the mean velocity of the river? That 
they should vary with the velocity at any particular point of the curves themselves 
seemed highly improbable, since, in that case, they must be functions of the position of 
the axis, which, as will soon be seen, is liable to constant change. It remained, then, 
to consider whether they varied with the means of the abscissa) of the velocity curves 
themselves or with (he mean velocity of the river. A little reflection shows that, in 
either case, the important inference may he drawn, that if either of those quantities 
becomes zero, the velocity curve becomes a right line, coinciding with the axis of Y. 
This requires the parameter of the velocity curve to become infinite, which makes its 
reciprocals zero, and thus adds n fourth to the known abscissa 1 of the parameter curve. 

Plotting these four abscissa 1 of the parameter curve with the mean of the abscissas 
of the eorresjMinding Telocity curves as ordlnates, a laborious but unsuccessful effort was 
made to discover an equation by the curve thus formed, which should reveal any 
reasonable law. The mean velocities of the river were next tried as ordinates for the 
parameter curve, being computed by dividing, by the total number of observations at 
each point, tin- stun of the products of the number of observations at each point upon 
each day by the corresponding mean velocity of the river. It seemed more natural 
that this should be the velocity upon which the form of the curve depends, because this 
form in any vertical plane must be governed to some extent by that in adjacent planes, 
and hence be ftflfeeted DJ any change in the mean velocity of the river. Although 
it became apparent that some law existed connecting the reciprocals of the lour param- 
eters and the corresponding grand-mean velocities of the river, yet the slight dtfi'ercnee 
in the latter quantities and the somewhat uncertain determination of the parameter of 
the low-water curve rendered I he result of the investigation unsatisfactory. It was 
found impossible to deduce sufficient proof to establish the existence of any mathe- 
matical law. 

Baffled by the curves of sab-surface velocities themselves, a clue to the law was to 
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The result being fee sought for elsewhere. It was reasoned, since the form of these 

unsatisfactory, a , , ,, ■. , ,. , - . ,. . , 

further cine is eurves depends upon lln* general law ul transmission ol resistance to 

sought in the separation through the fluid, that the same law must govern the form 
fec^velocities °^ ** curve of velocities from one hunk to the other in a horizontal 
plane. Hence the desired clue might he (bund by a study of the curves 
of surface velocities, which were well determined at all stages of the river, both at 
Columbus and at Viekshurg. This subject, therefore, was examined at this stage of 
the discussion of sub-surface velocities. 

Velocities net.tr fhe avr/urr ut niriifim distances Jnun tin- h&nks, — In the series of obscr- 
Columbus curves va ^ ons at Columbus, Viekshurg. and Natchez (plate III), recorded in 
selected for full detail in Appendix I), the uniform depth of 6 feet helow the 

stud y* surface was adopted for all tioals. At the first-named stations many 

observations were taken at every stage of the river at every point between the banks; 
hut at Natfthez the work was discontinued too soon to obtain a full series. At Curvoll- 
ton. the only other permanent velocity station, the ilouts were observed at different 
depths, and were, consequently, variously affected by the resistances transmitted front 
the bottom. The use of those at the surface or at the same depth, would afford lew 
observations compared with those at Columbus and Viekshurg, and although the curve 
would not probably be materially affected by the source of error stated — since the 
variation in velocity from bank to hank is very great, while thai from surface to 
bottom is very small — still, as the Columbus and Viekshurg series were not liable to that 
objection, they ahme were used in studying the law of change at different distances from 
the banks. An inspection of the plotted curves of velocities near the surface, in the 
different divisions at Columbus, at once showed that the entire curve, from one bank to 
the other, di lit' red but slightly from a parabola; while that at Viekshurg was so modi- 
fied by change of depth and by direction of the current, that it did not, as a whole, 
approximate to any known curve. The accidental regularity of the Columbus curve 
was a great advantage in the investigation, ami it was accordingly selected for study, 
In deducing the approximate discharge of the river, the daily velocities in each 
division of S£0Q feet in width, given in Appendix U. had been already 
sis^of 'them! 111 ? carefully computed, and plotted in curves, whose ordinates were Ihe 
velocities, and whose abscissa- were the corresponding distances from 
the base-line. These dailycurves were first grouped according to each even foot of the 
approximate mean velocity of the river, obtained by dividing the approximate discharge 
by the total area of cross- sect ion. Eight mean curves were thus obtained from the 
year's series of observations, every point being a mean of many days' observations. 
These curves arc indicated on figure I!', plate XI. by the points inclosed by circles. The 
law already discovered to hold below the surface, that the less the approximate mean 
velocity the flatter the curve, was at once apparent to the eye in these curves, while 
their number and regularity promised success in deducing an analytical expression for 
the law of change. The first step was to deduce a grand-mean curve of all the obser- 
vations, and to determine whether, us was hoped, it was a conic section. This was 
done by combining the eight mean curves, giving each, for simplicity of computation, 
equal weight (since each was evidently well determined), and then following the process 
already explained for deducing the equation of the sub-surface velocitj curves. The 
grand-mean curve was (bund to differ but slightly from a parabola whose equation is — 
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V s = 6.6528 — 17.0GG5 w, 1 , 
iu which w„ is the distance of the point whose velocity Is V b from the axis, expressed 
in decimals, the width of the river, from the middle of division I to the middle of 
division XI, being unity. Since this width is 2000 feet, each division of 200 feet 
becomes 0,1, This scale is convenient, as it renders the parameters of surface and sub- 
surface velocity curves directly comparable. The following table exhibits the com- 
parison of the parabola with the curve of observations, a comparison also shown by 
figure 22, plate XI. 
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This mean difference of only about 2 per cent, proves that the entire curve of sur- 
face velocities at the Columbus base sensibly forms part of one and the Fortunately 
same parabola, thus making these observations especially valuable in they prove to 
studying the change in form produced by a change in velocity. When e para ° as- 

the cross-section is of a regular, elliptical form, and tbe direction of the current parallel 
to straight banks, this might be anticipated from the law already deduced by means of 
the sub-surface observations. In nature, these conditions are rarely, if ever, fulfilled. 

At Col inn bus, a nearer approximation to them is made than at any other station 
where observations were made on the Mississippi river. It not unfrequently happens, 
that two half parabolas may be nearly adapted to a surface curve, the double axis 
lying at the thread of the current. In general, however, the form of the curve is so 
Bwdified by the varying depth and the set of the current, that any general equation 
would necessarily contain functions of these quantities. It was remarkably fortunate 
for this investigation that these functions disappeared from the Columbus equation. 

It bavin"' been established that the curves of surface velocities at Columbus were 
parabolas, the next step was to endeavor to deduce the law by which 
their parameters varied. By the process already detailed (page 233) Their parame- 
the equations of parabolas were deduced, which should coincide as SffJgiJjJ 
nearly as possible with the eight mean curves of observations. The of the square 
reciprocals of the parameters of these parabolas were then plotted as JJjJj ^f^ities 
abscissa', the corresponding approximate mean velocities of the river of the river. 
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being the ordinate's, it being remembered also that the reciprocal of infinity, or zero, 
corresponds to a mean Telocity of zero, The curve funned by connecting these points 
could evidently be very nearly represented by a parabola, whose axis was the axis of Y. 
In other words, ffte rseiprooaU of the pamaneien of (In eurface-velQcity curces were pro- 
portional to the square roots of the corresponding im-uu veloeitiefi of the river. This, then, 
appeared to be the desired law governing the change of form. The equation express- 
ing it, being that of a parabola referred to its axis and the tangent at the vertex, 
becomes known when any point of the curve is known. The point to be selected, 
because best determined, is evidently tluit whose coordinates correspond to the grand- 
mean curve of all the observations. The reciprocal of the parameter of the parabola 
most nearly agreeing with the grand-mean yearly curve, as already stated, is 17.0665. 
The corresponding approximate mean velocity of the river, giving each of the curves 
equal weight, is 5.3494. The co-ordinates of the point are therefore IT.OGliG and 
5.34 f J4; and the equation is — 

'' " (17.0665)*' * 

In this equation, a is the reciprocal of the parameter of the surface curve which corre- 
sponds to a mean velocity y of the river. Substituting 5 ,, for x, and r for//, and reduc- 
ing, the following general parameter equation for all surface curves at the Columbus 
base results : — 

2 ~~= (54.4482 v)\ 

The parameter given by this equation for each of the eight curves of surface ve- 
Method of test- ' 0( - : ' t ' ( ' s 'li'lered but slightly from that already found for each by experi- 
ing this law by nient, the accordance between the curves of observation and the resulting 
the observations. j );n . ;1 | )() | a , s | )e j„g m ther movedm. than that given by the parabolas first 
constructed, thus confirming the law deduced. Its accuracy is now to be tested by basing 
upon it a general formula for velocity 5 feet below the surface at the Columbus base, 
and then noting the accordance between this formula and the actual measurements. 

If the above general expression Ibr gp be substituted in the general parabola 

equation, V» = w Yt — 2 j> "VS we have (he equation — 

V r , = w Y,- (54.4482 *)*<, 

in which V,-, is the velocity 5 feet below the surface at any point of the velocity section 
at Columbus; „.V., the maximum velocity at the same depth; '■. the corresponding 
mean velocity of the river; ami n- lt , the distance from the axis (or line of maximum 
velocity) to the point whose velocity is V t1 expressed in fractional parts of the width of 
the river less 20b feet.* This quantity. W„ t being expressed in a unit practically incon- 
venient, it became desirable to substitute for it an equivalent expression, in which the 
variable should be the distance in feet from the base-line to the desired point Denot- 
ing this variahle by mj, and the distance in feet from the base-line to the axis or line of 
maximum velocity by ?«,, (lie difference between these quantities, or W — »\. is the dis- 
tance in feet between the axis and the desired point. The essential sign of this expres- 
sion is unimportant, since its square alone enters the formula. To reduce this to 



« As the middle of Bach division is the point whusc vclo.-iiy ii known, a, diminution iu width, <d l(it) fi«>t at i*tidi 
bunk, results. 
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decimals of the width, divide by W — 200, in which W is the total width. The 

(It* — IV \" 
W— 200' ' s evidently equivalent to w/. Substituting it, placing 

for W its numerical value, 2200, and reducing, the equation becomes — 

( 1 ) V 4 = , V t - (54 .4482 r) K (0.0005 [to - toj ) a , 

This general equation, being now in a convenient form, was tested by applying it to 

the eight curves of observation. The values adopted for w, and „Vr, 

. , mi ( . ... j , . , , ' The formula ac- 

require explanation. IJie iortner was readily determined by inspecting cor( j s ^^ ^ 

the plotted curve, which must, of course, be symmetrical with respect observations, 
to its axis. Its different values, given below in a note to the text, ^ M aVtnith 
shew that it varies but slightly, doubtless proportionally to the varying of the parameter 
force of the wind blowing across the river. At any rate, no normal change ^ or ° lim ' 
d ue to a change of mean velocity can be detected. The quantity ^ V 8 was at 
first assumed in each curve to be the maximum observed velocity. When the curve 
had been computed, a correction for this value was deduced by dividing the difference 
between the sum of all the observed division velocities and their corresponding com- 
puted values bv the number of divisions. The effect of this correction, when applied 
with its propel' BigOj w as to make the sum of the computed velocities equal to that of 
the corresponding observed, thus equalizing discrepancies. The corrected values thus 
found are given in the note below. * 

The following table exhibits the result of the test, which is also graphically repre- 
sented by figure 19, plate XL The slight numerical values of the differences are within 
the limits of errors of observation, effect of wind, etc., and thus by demonstrating that 
the formula is correct, establish that at Columbus the parameters of the curves of velo- 
cities 5 feet below the surface vary proportionally to the square root of the mean velo- 
city of the river. 

* \lllutiigh of no especial practical importance, it may be remarked that they are directly proportional to the 
moan velocity of the river, being very closely given by the equation— 

~ (1.109!) c | 0.333S]t) 

a -*- o.uooi 

as will be seen by the following comparison :— 
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This l*ble pUiul> shows that U>, and »,V 5 , except in the case of high winds, disappear as independent variables 
from conation (lj which l bus becomes— 

H la L.licvcd Uiiit iii calm weather ibis equation will pive with accuracy the velocity 5 feet below the surface at 
the Ooluitibii!- base ul any stage .if lh<- nter, 
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Mean surface curves of velocity at Gcihtmhw } A,'/. 
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In order to decide whether the parameter law deduced from the preceding observa- 
tions is merely local, it was tested by the Vicksburg observations. It 
is seen by an inspection of the five curves (figure 20, plate XI) that law E^r*" 
here the whole curve is not regular. For the lour divisions nearest the test ca by an 
Vicksburg shore, however, the form is evidently parabolic, thus admit- Vicksourjf sur- 
fing of a test of the law of change in the parameter. The processes faoe curves, 
already detailed for the Columbus observations were adopted for this purpose. The 
equation of the parabola most nearly agreeing with the grand-mean curve deduced by 
combining the live curves — giving each equal weight — was found to be — 

Y 5 = 5.7091 — 31.5744 ivf, 

the corresponding approximate mean velocity of the river being 4.8487. 

The parameter equation deduced by passing a parabola, referred to its axis and the 
tangent at its vertex, through the point whose co-ordinates are 31.0744 and 5.7001, the 
six- is of I being the axis of the curve, 



— = (205.6103 *)5*. 
The general equation Is,, therefore — 

V,-, = „,V S — (205.0103 »)» (0.0005 o — <<|)\ 

The values of „ V« and to t corresponding to the different values of v were determined 
in the manner already explained for the Columbus observations.* The following table 
exhibits the result of the test, which is also graphically represented in figure 20, 
plate XI. 



* It will be seen that w t is a constant, ami Unit .^Vj follows the law already deduced from the Columbus observa- 
tions, being directly proportioned to v. Its equation is very nearly — 

(1.0446 v ;- 0.778(1) v 



us shown by the column of differences. 
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+ 0.0517 

— 0.0931 

— 0.1250 

-(-11.11077 
+ 0.1076 
+ 0.0517 


Grand moan. 


:U.74S4 


:;4.7487 


0.4.177 















0.072'J 













Il will be hereafter demonstrated that, to ho absolutely correct, this expression should involve functions of the 
ilcjnli dl' ill'' si ream and of the distance of the point of maximum velocity below the surface. As, however, the former 
does not exert much Influence, and a^ the latter is nearly constant in all rivers for calm weather, it often happens 
that tfu»e approximate expressions gi« results differing but little from perfect accuracy. This is strikingly shown 
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Mean surface curves of etlwity at Vickebwg, 
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These Blight differences conclusively prove that the parameter law 
It holds good deduced from the Columbus observations holds good at Vieksburg. It 
there also, and may, therefore, be assumed that tlic object of tills discussion of the sur- 
fer aiirface era ^ Kre velocity curves, namely, a determination of the law governing the 
carves. change of form corresponding to si change in mean velocity, has been 



by some observations made upon 11 small feeder or the Oheapcttke and Ohio canal in 1859, of whiidi the details will 
Boon be given. The following table exhibits the observed maximum surface velocity and that computed by the 
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attained. The parameter of the curve of velocities 5 feel hefoiv the surface at any stage 
U propejiiinital to the .sonars run/ of the corresponding mean velocity of the r'trer. 

The existence of tins law in this class of curves justifies the assumption that it also 
holds good in sub-surface velocities. It is not necessary, however, to 
depend upon analogy, since the curves of observation below the surface, for^b-surface 
although not sullicient for the deduction of a law, arc numerous enough curves by the 
to confirm or disprove one whose existence is suspected. This discussion obaervatlolls ' 
will, therefore, he now resumed. 

Param>ti-r changes in ml>-*nrftce curves. — The same process of reasoning was followed 
in applying the above law to sub-surface curves in a vertical plane as For thig purpoge 
had been employed in the case of the Vieksburg horizontal curves near it is introduced 
the surface. If the law hold good, the equation of the parameter curve ^l^ula for"™ 1 
must be that of a parabola referred to its axis and the tangent at its velocity below 
vertex the axis of Y, or of mean velocities, being the axis of the curve. tlie Sllrfaee - 
The best determined point from which to fix the parameter is that whose abscissa and 
ordinate are the reciprocal of the parameter and the mean velocity of the river corre- 
sponding to the grand-mean curve, or 0.79222 and 3.3814, respectively. The equation 
of this parabola is — 

'' J ~ to. 7 9222)' 
Substituting -p for x, and v for ij, and reducing, this becomes — 

2^= (0.1856 »-)' J - 

Substituting this general value of ^ p in the general equation for a sub-surface curve, 

V = V,, - s p d* t we have— 

V»Y*— (0.1856 p)X<C, 

in which r is the mean velocity of the river; V di , the maximum or axis velocity in the 
vertical plane considered; V, the velocity at any point in this plane; and <!„, the dis- 
tance of the point whose velocity is V from the axis, expressed in decimals, the total 
depth of the river being unity. This unit fort/,,'- is not convenient in a general formula, 



3.38H 



- x l> 



BXptea&ma josl dstlwxd fur„.V, m Oolumbm and Vkktfbwg, a velocity which, for Hie great depth of the Missis- 
sippi, is e.juivulenl to ill at ill the surface io small streams. 
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A ceneral nutation for division* 1U, 11, 12, and \'X at the Viekshurg busc can evidently be deduced by substituting 
16X0 for W t'tid the value just tested for „, V. in the above, formula for \\. It is— 



V 4 = 



(UM6 v -j- 0.7786) i> 

» -r O.OliUl 



— (2t».fll08 p\H (ft(»Q6 l«.< — 1820] )*, 
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and the equivalent expression \— fj-') is therefore substituted for it, in which </ is the 

distance below the surface, in feet, of the point whose velocity is V; '/„ the distance below 
the surface, in feet, of the axis or line of maximum velocity; and D, the total depth of 
the water, in leet. The formula thus becomes — 

<1,V 



(2) V = V, - (0.1*50 r,^*'/')'' 



This general formula is now to he tested as rigidly as possible by all the observa- 
tions taken upon the Survey. Besides the measurements from anchored 
y^mentkned lxmts ' * om( ' additional data were collected, which, although less exact iu 
are available for character, and therefore not admitted into the grand-mean curve, are for 
formula ^ that very reason especially vahiable tor tins purpose; the constants of 

the formula being deduced independently of them. Agreement with 
such independent observations furnishes the highest proof of general applicability. The 
nature and amount of these additional data will be described before proceeding to test 
the formula. 

Observations were made on April 11, 1851, upon bayou Plaqueraine, about 800 feet 
Observations below the upper mouth or point of elllux from the river. Tbe day was 

upon bayou calm and favor aide, tbe bayou being at a stand near high-water mark, 

aquemine. The form of the cross-section was semi-elliptical and quite regular, the 

width being about 300 leet, and the area of cross-section. 5875 square feet, For 150 
feet near the middle of the bayou, the depth was uniformly about 27 feet. The obser- 
vations were conducted in the usual manner, the base-line being -100 feet in length. The 
floats were cylindrical blocks of green sweet-gum wood, 6,5 inches iu diameter by 
inches in height. They were slightly loaded with lead ami supported by surface floats 
of white pine, 7 inches square by 0.75 of an inch thick. The flags were 3 inches square. 
The velocity was measured at tbe surface, and at 10, 15, and 20 feet below it, through- 
out tbe central portion, when the depth was uniform; and the results were plotted as 
usual. To reduce the observations to the same vertical plane, for tbe purpose of com- 
paring the velocities at different depths, it was assumed (hat tbe change of velocity from 
bank to bank, in horizontal planes at tbe different depths at which floats were observed, 
was the same. This assumption was necessary, since there was not a sufficient number 
of observations at each depth to form a horizontal curve for each plane. The surface 
curve was very well determined. It was divided into six divisions, each 25 feet in 
width, and a scale of correction constructed, by which tin- velocity of any lloat could be 
reduced to that of afloat passing at the same depth in tbe vertical plane selected, which 
was placed where the greatest number of floats at all depths had passed. The proper 

correction from this table was applied to each float, thus reducing them all to the same 

vertical plane. A mean of the velocities of all the floats at each depth was then taken, 
and the results were plotted in the manner already described. These data are given iu 
the following table, and represented by figure 7, plate XI. 

Similar observations were made on bayou I -a Kourche, on April 19, 1861, about 

Observations ^600 feet tielow the upper mouth or point of efflux from the river. The 

upon bayou day was favorable. The bayou was at a stand near high-water mark; 

a ourc e. t ] R> cr0 j jS . sec ti m i rt; g U lar am j semi-ellipticiil; the uniform average depth, 
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for about ISO feet near the middle, 27 feet; the total width, about 225 feet; the area 
of cross-section, 3630 square feet. The velocity was measured as on bayou Plaquecaine, 
the length of base-line^ the kind of tloats, and their depths being the Paine. Tlie same 
method was also used in deducing the curve of velocity below the surface;, which is 
shown in figure C, plate XI, and given in the following table. 

Similar observations were made upon the Mississippi river at Columbus, Kentucky, 

lit various times duriuir the discharge measurements conducted there in „ 

„ . ,.„,.. . . Observations 

1S5S. Through a misapprehension of Ins instructions, the engineer in U p 0n the Missis- 
charge of this party observed no flouts at a greater depth than 50 feet. ^PP 1 at Colum- 
This was however, sufficiently near to the bottom to serve most of the 
purposes of the observations. It was designed that a series of tloats should pass at every 
10 feet of depth in several different vertical planes, hut the impossibility of holding the 
limit by oars in a fixed position long enough for tliis purpose unavoidably caused the 
floats to be somewhat distributed. Corrections, to rednee the observations to their 
respective planes, were deduced and applied in the manner described for the Plaquemine 
observations. The results of these measurements will be found iu the following table, 
and aiv represented by figure II, plate XI. 

Some observations of this kind were made at Vicksburg, Mississippi, in the year 
1868 by the party stationed there. They were conducted and computed 
by the methods employed at Columbus. A few of the observations were upmi the Missis- 
made at nearly the high-water stage, when the mean velocity of the "PP* at Vicks- 
river was much greater than during similar measurements elsewhere 
upon the river, and — although too meagre to result in a smooth, well-determined curve — 
were of great value as all irding a confirmation of the law. The principal curve is 
shown in figure 8, plate XI, and till the data are given in the following table. 

Some observations of this class were made at Carrollton in 1851, but the floats were 
too much distributed to furnish data available lor the present purpose. 

The careful observations from anchored boats were, therefore, alone Tables exhibit- 

xue Linom ^ ln g these addi- 

depended upon for the law at this place. tional data. 

The following tables exhibit the additional data just described: — 

Subsurface velocity obsertatums upon the bayous. 
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Subsurface rekxift/ ribaetmtims upon the Mississippi at medium stages, the depth being 
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Sub-surface vdocitg observations ujxm the Mississippi ot it* highest utage; the depth being 
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Sal)-surfam velocity observations upon the Mississippi at a 7nedium stage; the depth being 
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Formula first 
tested by the 
four mean 
curves. Tables 
of results. 



The formula was first applied to the mean curves in which the observations had 
been combined by tenths of depth in the manner already explained. 
These curves were four in number, namely: the high-water mean 

and low-water mean curves deduced from the observations from 
anchored boats in 1851; the mean Columbus curve; and the mean 
middle-stage Vicksburg curve. The corresponding approximate mean 
velocity of the river was carefully deduced for these curves, the mean velocity on each 
day entering in proportion to the number of observations on that day. The correspond- 
ing mean depth was found in the same manner. The value d t was taken from the plot. 
V was at first assumed equal to the maximum velocity, and afterward corrected so that 
the sum of the velocities of all the observed points and the sum of the corresponding 
comimted values should be equal. The following tables exhibit the results of this eom- 
oarison which are also shown by the dotted lines on figures 15, 14, 12, and 13, plate XI. 
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JWecm medium-xtas/e suit-surface velocity eurrm at, Cdumlms awl VichhurtJ. 
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Formula next Although the principle upon which the curves of di fit' rent depths 

curves of obser- woro combined ia believed to be sound, it may, perhaps, Ik- called in 

vation. Tables question. Tlie general equation litis, therefore, been applied to all the 
r6SU a " original curves of observation. ;is first deduced by combining till observa- 

tions where the depth was the same. The following tables exhibit the results, which, 
excepting the Vicksbnrg high-water curve, are also shown in figures 1, 3, 10, 2, 4, 9, 
11, 8, 7, and 6, plate XI. 
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Mean low-water sufj-surface velocity curves at Car mil tan and Baton Rouge. 
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Mean medium-stage subsurface velocity curves at Columbus and Vickxburg. 
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7.2920 


0.4708 
O.0942 


26.2870 

f.:i8!2 


20.2873 
4.3812 


0.1171 
0.0195 
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Mean 6iib-8wfao6 velocity curves m (lie bayous. 



DQtb "f lli ml botoW purf.kcy. 



Fell. 

Surface 6.500 

%fui ! i: »20 



ftaviiu I'Uuueiiiliir; ilt'inli s'T fii-t. 



\il...-iiy 
by uLier- 



YeJitfttjr 

l.y 
liimivla, 



DBfrfoncQ, 



Uiivuii L:i FuuicbJ; daptli It fcrt. 



10 

in " 

20 " 

Point of maximum rclucity. 
Hot turn 



Sum of tummon puiiits... 
MeAIi of common points. 



B.85CI 
6.800 
6,020 



81.690 

0.33S 



B. i 1 -- 
6.480 
o.iw; 
B.2S7 

6.064 

i:.4!i] 
5.1144 



Sl.ttfiS 
B.S88 



0.0HS 

- t 0,0111 

— 0.086 

■}■ U.U88 

— 0.034 

(depth 2.S ft.) 



0.178 



Vtto&lj 


Vajodtj 


l.y ,,1,-,-r 


b) 


l»tten 


fui-muln. 


Fer/. 


I'rtl. 


v.im 


8,103 


3.330 


a.aai 


:i.250 


3,240 


ii.'i'Jil 


8.22] 


8.160 


8.H1 




ri.i&i) 




L'.'.r.'.n 


lii.oio 


16.005 


Z.-2W1 


;i.^0i 



UiffL-renci!. 



Fret. 

— O.IKKI 

— 11,001 
-f IkMCHt 

— 0.001 
l fcooa 

(depth St. 5 ft.) 



0.008 



This weight of evidence in favor of the truth of the formula and of the accuracy 

The result en- °** ^ 1C r** 800 *^ by which it has been deduced is thought to be irresdst- 

tirely satisfac- ible. When it is remembered that, the forms of all these curves an; 

tory ' fixed by one and the same equation, it must be admitted that so close 

un accordance with observations in localities and circumstances so different cannot be 

accidental. 

Investigation of ^^t the numerical coeilicient of r'i should remain constant for 

the parameter so great changes in cross-section was a matter of surprise, and the 

taw f" rt ^ er question arose whether, for still smaller streams, it might not vary. 

applying the Uoileau's admirable observations on his wooden canals afforded a 

general formula imflw „f testing the matter. 

to smaller , . . ,« * , . T , „, 

streams. As stated in the last chanter. < aptain Uodeuu considers his ohserva- 

. , . , „ lions to indicate that the vertical curve below the point of maximum 
Analysis of Cap- . ... . ., 

tain Boileau's velocity is a parabola whose axis is at the surface, while the curve 

observations. above the point of maximum velocity follows no discovered law. The 
first set. of experiments was made in a wooden canal or trough a!«ait 2 feet wide and 1 
loot deep. The observations near and Mow the point of maximum velocity were made 
partly with a new kind of by drome trie tube and partly with a current-meter. A hove 
the vicinity of the point of maximum velocity, Roileau depended on floats which were 
observed only at the surface, thus leaving a relatively wide gap in the curve undeter- 
mined by measurement. Now it is evident that the difference he t ween the surface 
velocity and that near the point of maximum must Ik> affected by any error in the con- 
stants of the formuhe for Computing the velocity front the lube and current-meter 
observations, and also by the retarding effect of the side-resistances, if the floats 
deviated ever so slightly from the exact plane of the rest of the observations. If the 
surface velocity was diminished by these causes of error to an amount equal to 0. 077 of 
a foot per second, the entire curve agree* very well with a parabola whose vertex is at 
the point of maximum velocity, 0.178 of ihe depth below the surface, lioileau's second 
series of experiments, made when the depth was reduced to 0.87 of a foot, fully con- 
firms this opinion, as this curve is evidently one and the same parabola both above and 
below the point of maximum velocity, which is ab mt (i.2:)7 of the depth below the 
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surface. The two lower observations should probably be rejected, as they differ enough 
from the law of the others to suggest some anomalous influence of the bottom upon 
the current-meter. The following table exhibits a comparison between these curves of 
observation and the parabolas given by the formuhc — 

V - 2.8254 - 1.5206 f-°-«"!*y 

\ 1.1418 / 

V = 2,0079 - 1.2083 ( d — Q - u Y\ 

The axes are placed 0.178 and 0.237 of the depth below the surface, respectively, and 
the parabolas adjusted so that the mean of all the observations shall determine the 
mean of the corresponding points of the parabolas, disregarding, in the first case, the 
observation at the surface, and, in the second, the two observations nearest the bottom. 
The means of course include these observations. 





Sub-surface velocity 


zurves from 


Captain BoihmCs experiments. 




FIrat (■siieritiwrU. 


r^!.'-iUii *S|K¥U(WA, 


Oeptli. 


01iccr«"l 

Tl'liilL-itJf. 


v.licitjf. 


DtlibcQBM, 


I) until. 


v.-lncify. 


Oampnted 

v.-J.idcy. 


Diffiironco, 


Ftat. 


Feet. 


Feet. 


Ftet. 


feel. 


Feet. 


Feet, 


Fctt. 


0.0000 


2.7002 


2.7771 


— 0-0769 


0.000 


).9420 


1 . 9368 


+ 0,0052 


o.iyoo 


2. 1*44 


2,824] 


-f 0.0803 


0.045 


1.9680 


1.9713 


— o oosa 


0.2084 


2.y.i77 


2,885 1 


+ 0.0323 


0.078 


1,9810 


1,9892 


— 0.0082 


02362 


2.SS44 


2.8241 


f 0.0303 


n. Ill 


2.0040 


2,0011'.! 


-+- 0.0031 


0,2(500 


2,8478 


2.8204 


ii i»274 


0.1 II 


2,0170 


2,0088 


-j- 0.01 02 


0,8016 


48880 


2.8142 


■4- 0,0238 


(1.177 


2.0170 


2.01170 


+ 0.0100 


0.8346 


2 S'iSl 


2,8063 


-f 0,0228 


0.21)11 


2. (1040 


2.O034 


-1- 0,0008 


0,4659 


3.7527 


2.7432 


-)- Q 009a 


0,229 


1.9860 


1.9967 


— 0,0077 


< I .11,53 


2.6411 


2.6726 


— 0.0315 


0.262 


1 ,9680 


1.9803 


— 0.0122 


0,6269 


2. 592 1 


5,8132 


— 0.0409 


0.328 


1, ill 20 


1.9295. 


— 0.0175 


0.7940 


2.3590 


2.4186 


— 0.0586 


0.492 


3.7250 


1.7059 


•f 0,0191 


0.8924 


2.2348 


2 2727 


— 0.0484 


0.r,57 


1.6660 


1.5705 


+ 0,0955 


0.9580 


2,1359 


24612 


— QJJ258 


0.628 


1,5370 


1.4133 


-j- 0.1237 


1,02:10 


2.0374 


2.1 Mi iS 


— 0.0084 










1,0898 


1.9423 


1.9100 


-f 0.0823 


Menu 








88.4467 
2.5630 


88.5229 
2.6682 


0.4946 
0.6830 


24.7290 
1,9022 


84,5105 

l.«854 


0.310:1 
0.0243 











The columns of differences, it is considered, justify the assumption that the law 
already proved to exist in the Mississippi river holds good in this little indicate & 

experimental canal. If so, the coefficient of V* in the parameter equa- modification of 
tion for a very small stream at once results. Boileau does not give the the law for small 
mean velocity of the canal, but, since the observations were in the 
thread of the current, it may be determined with approximate accuracy by taking 0.8 
of tbat observed at the surface. This gives 2.1 and 1.5 feet for the mean velocity cor- 
responding to the first and second series of experiments respectively. Hence, desig- 
nating by V* the coefficient of the square root of the mean velocity, the following 
values uf/i result: — 



6 = 



(1.5206)- 



3.1 

1.5 



= 1.10 

= 1.07. 
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These results, although rendered somewhat uncertain by the necessity of approximat- 
ing to the mean velocity, indicate a material change from 0.1S5G, the value of A already 
found for large rivers. 

The law of this change was considered an important object for Investigation, hut 
Fnrtherobserva- the existing data were insufficient until, when studying the effect of 
tions to test the change in slo]>e ii|ion discharge, in the autumn oi' 1859, it became 
highly desirable to test certain formula} by actual observations upon a 
small stream. A feeder of the Chesapeake and Ohio canal at the Little Falls of the 
Potomac, near Georgetown, D. C, was selected, and incidentally another value ofe was 
determined. The details of these experiments, sn far as they relate to sub-surface 
velocities, will now be given before finishing the discussion of A. 

The observations were made by Lieutenant Abbot, on December 2, 1859, a calm 
and pleasant day. The clear water-way of the feeder, at the punt selected, was 17 
feet in width and 7.1 feet in depth, with n nearly rectangular, masonry cross-sect ion. 
The total width of the feeder was 28 feet, but in this vicinity one bank hud partially 
caved in, thus obstructing the channel and more or less disturbing the water for About 
6 feet from one edge. Throughout the remaining 17 feet, the current flowed with 
uncommon regularity from surface to bottom, thus affording an advantageous location 
for the experiments. Every care was taken to obviate errors of observation. An 
examination of many published experiments had led to the belief that the subject, suf- 
ficiently difficult in itself, had been greatly complicated by the use of instruments 
whose intricate machinery introduced so many errors us to conceal the true form of the 
curve. Oftentimes, different instruments had been used at different depths, almost 
necessarily introducing relative errors. The double lloat had been generally rejected — 
apparently without sufficient grounds — and it was therefore decided to give this method 
a fair trial. 

The lower float was made by bending in the middle two strips of sheet tin, 8 inches 
long by 2 inches wide, and (hen soldering the Unit edges together, all the angles 
included between the lour fans thus made being right angles. This sub-lloat. itself 2 
inches in height, was supported by two pieces uf cork, each 2 inches in diameter by half 
an inch in height. One piece was seeun-d permanently to the top of the tin, thus 
increasing by its own area the area of the lower Hunt. The other, forming the surface 
float, was attached by a very line iron wire. It was submerged only about an eighth of 
an inch, and, therefore, exercised no appreciable effect upon the rate of movement of 
the lower lloat. By varying the length of the wire, the velocity at any depth could 
be measured, especial care being taken to place the centre of figure of the lower float 
at the exact depth required, a very important matter, especially For observations at 
considerable distances from the point of maximum velocity. 

The vertical plane in which to measure the sub-surface velocities was carefully 
selected so as to be as nearly as possible that of the thread of the current, because the 
flatness of the horizontal curve in this vichutv would tive to slight deviations of the 
floats from the exact, vertical plane their minimum effect in inducing errors. 

The velocity was determined by noting the times < if transit of the floats between 
two cords 51 feet apart, stretched across I he feeder just above the water surface. A 
chronometer was used with all the care employed in nice astronomical observations. 
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The floats were placed in the water sufficiently far above the upper line for ttie lower 
float to sink and attain the uniform velocity of the water at the desired depth before 
reaching the cord. Twelve series of observations were made in succession. The fol- 
lowing table exhibits the data in full with a comparison of the grand-mean curve with 
the parabola whose equation is — 

V = 2.5210 - 1.1 (~^) S « 
Sulj-mrfitrt'. velocity obeervaMam upon a feeder of the Chesapeake and Ohio canal. 



FiTli 


Yriocltk*. in feel, (itr I mil, r,f Anata lit vnrioii^ il.>[itlm. 


y„ V, Vt 


2 11*98 
2.4038 
2.5620 
2. 140H 
2.4406 
l' :.ii2(t 

2. taoa 

2.4400 
2.884J 
2 1098 
2.4998 
2..M12D 


Vj^ 


T ( 


% 


y al 


Y M = T rt 


by Bq. (S) 


Third ., 

fourth 

Filtli 


2.27*7 2.4880 2-5590 

2.fi802 2.5580 ; 2.4068 
2.440Q 2.5680 2.8244 
2.27S7 2.5580 2.8911 
2.221)4 2.5580 ; 2.437« 
2 ss41 | 2 *8<5B 3,8244 
2 8841 2. -SHI 8.41)68 
H:;S41 2.5580 2 4'.«'.t* 
2.8841 2J580 2.. r i."i!iii 
g 2J8? ■ 24938 2.5590 
2.3S41 1 2 5680 2,6932 
22782 3.5S80 2.27.">7 


2.6154 
2.4878 

1.8*80 

2.3182 
2.4288 
2.4878 
2.2174 
2.4878 
B.4878 
2.4280 
2. VIM 
2.4878 


2 6182 
2.2(ii;7 
2 8182 
2.8182 
2.;;) 82 
1.8889 
2.1250 
2:1721 
2,8182 
2. 1 702 
I. I87S 
2,3182 


1.9285 

'■9^99 
1.9814. 
2,0040 

l.iMl.V, 
l.yJIS 

1.8685 
2.0440 
1,8254 
I.T328 
2,0856 
2.27117 






SUili 


Eleventh 

Twulftl- 




2.88B8 2..J178 2.(5170 , 2.4((U9 


2.3971 2.208X 


1. '."■,::- 






I'nrnbolii ., 
Differoooe. 


2J026 2.5124 2.61 DO 


2.4818 


2.4428 


2. 401 } 2.27(17 


-(j>!i.-, 


1,8725 


2*8509 


— 0J268 -u.tMi:,4 —II.IID2I1 


4-0,0091 




— 0.6039 


— 0084 


—0,1203 







The small amount of these differences proves that the curve is a parabola whose axis 
is parallel to the water surface and 0.232 of the depth below it, a result 
satisfactory lioth as confirmatory of the Mississippi work and ns indi- th^m^ 8 ° 

eating that even a few observations, carefully taken in a favorable 
locality with double floats, may reveal the form of the curve exhibiting the change of 
velocity below the surface. The mean velocity was carefully deduced from a set of 
observations taken across the feeder at a uniform depth, by multiplying the mean of 
this horizontal curve by the ratio between the velocity at its depth and the mean 
of the whole vertical curve. It was found to be 2.0830 feet per second. From this the 
following value of b results: — 

b = tlilZ = o.58. 

2.0830 

Tim new mluc of A confirmed the inference drawn from Buileau's observations, that 

tin- ■inatititv varied inversely with the depth, and justified an attempt 

1 . „,, , . , V f • • ■ i They confirm the 

fa) deduce its equation. rhe observations upon the Mississippi show modification of 

that b must remain nearly equal to 0.186 for depths varying between the parameter 

I III and 55 feet, and— if the somewhat less exact measurements made JjJ^^JSi 

upon bayous l'laqneminc and La Fonrehe are to be relied upon in so deli- suggest an 

cate a matter— fur depths even as small as 27 feet. When, however, jgjjy re ' 

tlie depth becomes 7.1 feet, a sensible increase is noticed, the quantity 

becoming 0.58, and when a further reduction to 0.0 of a foot is made, the quantity 
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slightly exceeds unity, its value being about 1.1 (mean of Bnileau's two results}. Tlie 
following expression fulfils these conditions with all needful accuracy, as is shown by 

the table of values: — 

(3) 



6 = 



(0 -f i.by> 



Wine* of l>, in feot , 



Vuluus of 4 bj tquulinii (3), 



Hi- 


as 

lUfifl 


.-..-, 


27 


7.1 


1.1 


0.7 


aim 


11.22.') 


n.3 17 


»,-„s 


L.M 


l.l-l 



Resulting equa- 
tion for velocity 
below the sur- 
face. 

(4) 



Since the rivers discussed in this report are usually Seep, f> will be 
generally taken at 0.1 S56. If small streams are to be considered, the 
above value should be substituted in equation ["-) ranking it 



V-v -(- 1 ^iL_V i / rf _rL^V . 

Y "> \{t> + 1.5)V \ I> I 



This is in truth a general equation. Whether applied to the Mississippi river, 

pouring its flood of waters with boils and whirls through a channel 

appficabiTity. 200,000 square feet in cross-section and more than 100 feet in depth, 

or to the bayou La Fourche, flowing as smoothly as a canal through a 

narrow channel less than one-fortieth of the size, or even to the experimental canal, the 

result accords closely with the observations. 

Formula for the mean of the wfiok verihal curve, — This is a favorable place to consider 

both what has been already deduced itnd what more is required before 

™ ' the original problem — the general ratio of the velocity 5 feet below the 

surface to the mean of the whole vertical curve — can be solved, liy experimentally 

establishing the correctness of the formula — 

m ^=v<-G„ , + s, ,: il , T -«■'-)'■ 

it has been proved that the curve exhibiting the change of velocity in a vertical plane 
is a parabola, of which tin? Ordinate? are the depths, and the absciassa the corresponding 
velocities; that the axis is parallel to, and, at times at least, below the plane of, the 
water surface; and that the parameter varies in a deduced ratio with the square root of 
the mean velocity of the river. Also that, tliis ratio is such, for largo streams, that a 
slight error in mean velocity may be made without materially affecting the form of the 
carve — a fortunate circumstance, since this quantity is only approximately determined 
by the preliminary computations. Equations for the mean velocity of I he whole ver- 
tical curve and for one of the two remaining variables ( V,, and (/,) in general equation 
(4) are yet essential to complete the discussion. 

A mathematically exact expression for the mean velocity of the whole curve at once 
Exact equation ,v « l dts from what has already been established and from the well-known 
for mean of property of the parabola, that the area of the segment included between 

Srveo^vebdty tlie ™- ,ml ' lia h- s of any point is equal to two-thirds of the rectangle con- 
below the sur- strnctcd upon those co-ordinates. Indicating by V„, the mean of the 
faoe ' whole vertical curve, the following equation results, each member being 

an expression for the area on figure o, phtte XI: — 
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r m D - I (V„, - V„) <l + V f , d, + I (V„, - V 1( ) (D - 4) + V„ (D - ^), 
By reduction it can be brought into the following convenient form for use: — 

It only remains to deduce an equation for one of the two variables Locus of maxi- 
in equation (4). For several reasons, not necessary to mention, ({, was JHJfSSttte 
selected hi study in preference to V, f< . be investigated. 

Bmilou of ax'w or h&m of maxim am velwUy, — For this investigation, it is evident 
that onlv the five combined mean curves can be used, since in these „, 
alone are the observations sufficiently numerous to Insure the close an( j general in- 
a'Teenient with the parabolic form which is necessary to an exact ferences from 
determination of the position of the axis. These five curves (figures 
12 13 IK 1 ">i ;in( * 1°> plate XI) indicate that this position varies from near the surface 
to below mid-depth. The fallacy of the prevailing idea, that the maximum velocity 
is necessanlv at or very near the surface, is apparent from these diagrams. As theory 
has been carefully avoided in discussing this subject, the object being to state correctly 
the facts expressed by the observations themselves, no attempt will be made in this 
place to explain the come of this submersion of the axis. The fact itself, however, 
with the consequent inference that there is a well-marked, strong resistance at 
the surface, is established. As the distance from the surface increases, the effect 
of this resistance diminishes until it becomes equal to that of the resistance pro- 
pagated by the same law from the bottom, This point of equal effective resistance 
from surface and bottom is the locus of the max i unit n velocity, or in other words, the 
vertex of the parabola; its depth below the surface being <l. Since d, evidently varies, 
the relative resistance at the surface and bottom must vary. But the resistance at the 
bottom at any given point can change only with the velocity, a cause of variation 
which must similarly affect the surface resistance. The surface resistance, however, 
in addition to this cause of variation, must be affected by every varying wind. Here, 
then, is a cause which ought to make the axis change its position. Its effect must, 
therefore, lie first eliminated from the five curves of observation, assuming, for the time, 
that a change in velocity of the river affects the surface and bottom resistances propor- 
tionally, and henci- has no influence upon the position of the axis. 

Full notes were made of the force and direction of the wind at the time of all the 
observations, as may be seen by reference to the preceding tables. The jjetermina-tioix of 
scale of notation was that usually adopted, a calm being denoted by the effective 
force 0. and a hurricane by force 10. The highest wind at which JoUng upon the 
velocity observations were possible was found to be force 4. The fob five mean curves 
towing process was adopted in determining the effective force of wind of observations, 
act in" upon each of the five mean curves. The observations were separated Into three 
classes ; those taken when the wind blew up stream ; those taken when it blew down 
stream; and those taken in a calm, or when the wind blew directly across the river, and 
hence produced no clfi-ct. For the first two classes, the sum of the products of the number 
of observations at each point by the numbers designating the corresponding forces of 
the wind was found. The difference between these two sums was divided by the total 
number of observations at all the [mints of the curve. The result was the effective force 
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of the wind, which blow np or clown stream, as the sum of the products of the first or 
second class predominated. The following table exhibits in full the data for the axis 
determination : — 



Curi'i!, 


N". »r otM. M 
Mcli |io[nt 


Fifrc'j of wind. 


4 


.H|l|l|'OX. I41LMH1 


Hl^h-wnror mean — <.'ii rrol 1 tun,. ........... . 


222 

142 

MO 

52 

20 


Down 0.2 
l*|> 0.8 
IXvn 1.1 
Op 1.2 
Down 1.0 


0,307 
ft. 860 

ai.'jii 

Q,52U 
il.Uiit 


Fed. 
3.S8I4 

4.1006 
L9SSM 

3.4070 
11609 


Menu — Oilumtius , , .,., 







As already stated, the first step was to eliminate the effect of wind, and thus 
Its effects ana- determine what the mean position of the axis would have been, had all 
lyzed and elimj- the observations been made during a calm. Since the mean effective 
na ' wind acting upon the curves was very alight, its influence was assumed 

to be directly proportional to its force, whether blowing up or down stream — a law 
which was subsequently demonstrated to be true even for high winds. It is also evi- 
dent that the effect of an up-stream wind will be to lower the axis, since it increases 
the resistance at the surface, while a down-stream wind must have a contrary effect. 
Making, therefore, x = depth of axis in calm, expressed in decimals of depth of river, 
and y =■ effect of wind force 1 in raising or lowering the axis, expressed in the same 

unit, it is evident that _' must be equal to x increased or diminished by the product of 

the number indicating the force of the wind by y, according as the wind blows up or 
down stream. Applying these principles to the five mean curves, and giving each 
curve a weight proportional to its number of observations at each point, the following 
equation results: — 

222 (x ~ 0.2 »/) 

+ 14*2 (a + 0,3 y) 

+ 80 (x— 1.1 if) 

■f 52 [x + lSy] , 

+ 20 (««- 1.0 $ / 

By reduction this becomes — 

SB = 6,3036 + 0.092 //. 

It is also evident that the difference between '■' and x is equal to y multiplied by the 

Hence the following equation results: — 

222 x U.2 y 



222 x 0.297 
+ 142 x 0.350 
4- 80 x 0.150 

+ 52 x 0.520 
+ 20 x 0.100 



number indicating the force of the wind. 



222 iv — I). 297] 
+ 142 (0.350 — 4 
+ 80 (x — 0.150) 
+ 52 (0.520 — x) 
+ sju (jt — 0.100) 

By reduction this becomes — 

x= 0.025 + 2.011 y. 

Combining and reducing these two equation*, the following values of x and y result: — 



+ 142 x 0,3 a 

+ 80 x l.i /7 

+ 52 x 1.2 // 

+ 20 x 1.0 // 
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k — U.:;i70. 
y = 01453, 

The next step is to apply these values to the five curves and then to seek, in the result- 
ing differences, the effect upon the axis of a change in velocity in the river. 
The following taljle explains itself: — 



\ Feres of wind. 


(.Uiwri'vt>.l 

a 


CHmmmi _4 
I> 
IVdDOtd l'> enlm. 


(tun 

•i, 

V 


1>irfrrimc«, 


Ntmil>*r of 


flitfli-wm.!!- moiui— CttrolltW]. . Of 0.8 

Lnw-wafiir menu — L'fiirnlltou ... Uiiwii 1,1 


0v2»7 
0,850 
0.I5U 

O 520 

i) Urn 


0.257 \ 0.2x0.1462 = 0.826 
0.350 — 6.9 x 0.1453 = 0.80ft 

O.l.'jU 4- 1.1 . II 14".li = it.MO 
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0.317 


— 0.000 

+ 0.011 
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By the process employed in deducing the values of x and _;/. each curve lias a weight 
proportional to its number of observations at each point; and the result- 
ing differences. When regard is had to sign and to the number of obser- j^hSfousTf 
vations, very nearly balance eacli other. It is apparent that these the maximum 
differences are very slight, and nearly inversely proportional to the velocity in calm 
number of observations. The legitimate inference is that they are due 
tu errors of observation, and hence thai the position of the axis in mlm weather is about 
three-tenths »/ the depth bdotB (he surface, whatever he the mean vektcifi/ of the rwer. This 
is a great point gained, since it renders it possible, by a process hereafter to be detailed, 
to deduce accurately the desired ratio between the velocity observed at 5 feet below the 
surface and the true mean of the vertical curve, for ea/m <lat/x at all stages of the river. 

The next step, namely, a study of the effect, in raising or lowering the axis, of winds 
of different forces, led to difficulties apparently insurmountable. The Difficulty f 
five mean curves were hut slightly affected by wind, and afforded no analyzing the 
data for judging of the effect of a strong wind. But few observations effect of wind 
for velocity below the surface were made when the force of the wind of the maximum 
was greater than 1; and, when grouped in up-stream and down-stream velocity, 
classes and combined, each set was found to be insufficient in number to eliminate errors 
«>f observation, so as to give a parabolic curve whose depth of axis could be accurately 
determined. Even if this had been possible, it would have been a wide generalization 
to assume that the mean effect upon the axis at all points of the river surface was the 
same as at isolated points generally located near the thread of the current. Here, then, 
the discussion must have closed, bad all the data upon the subject consisted of the 
actual sub-surface observations. Fortunately, this was not the case. 

As already described, an approximate discharge per second had been computed for 
each days observations at Columbus, Vicksburg, and Natchez, by taking 
the sum of the products of the areas of each division by the velocity ob- Errors attribu- 
served in it 5 feet below the surface. These discharges were plotted in table to the 



effect of wind 
perceptible in 



curves whose abscissas were dates and whose ordinates were the dis- 
charges per second. Any one, desirous of Studying these curves for the approximate 
himself, can easily do so by plotting them on' plate XIII from the Srge^Yhe 
column marked "approximate discharge" in Appendix D. The printed velocity stations. 
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curves on tins diagram ex hi hit the "revised discharge." It is evident that such curves 
might to he smooth, without, such irregularities as produce a serrated appearance, pro- 
vided the discharge be accurately known. Irregularities were, however, found to exist. 
A reference to the wind-record i' ( ,r the days in question accounted I'< >r them. The 
depressions, indicating too small discharges, were fuund to occur with remarkable uni- 
formity when, according to the record, the wind had blown up stream; the sharp eleva- 
tions, indicating excessive discharges, on the contrary, corresponded to down-stream 
winds. Not only was this true, hot the great irregularities corresponded to winds of 
great force, while gentle breezes produced less effect. This is precisely the result which 
the laws of change of velocity in a vertical plane, already deduced, would lead one to 
expect. An Up-stream wind increases the surface resistance, depresses the axis, and 
therefore moves farther from the vertex the pcmit of the curve 6 feet below the surface* 
The ratio of the observed velocity to the mean of the curve is theretbre greater, and the 
discharge, as yet uncorrected by this ratio, must be too small. With a down-stream 
wind, the effect is exactly the reverse. 

This evident relation, existing between the irregularities and the recorded force of 
Empirical cor- t,lc wimJ ' ^SS 8 *^ the feasibility of deducing an empirical correction 
rectiou deduced for wind-effect. The Columbus observations were selected for the trial, 
therefor. am i t j lc curv c and wind-record carefully studied together. It is evident 

that, where the curve is nearly parallel to the axis of Y, a Blight error in the ordinates 

in other words, in the discharges per second — cannot be detected. Such portions of the 
curve were therefore neglected. Fur the other portions, the following system was 
adopted. A table was formed, containing columns lur wind force 1. force 2, force 3, and 
force 4. both up stream and down stream. The curve was examined at each daily 
point, and the estimated correction in cubic feet per second which would remove its 
serrated appearance, was written in the column corresponding to the recorded wind 
force for that day. When the whole curve had been thus revised, a mean of each 
column was taken. One result, not altogether unexpected, was evident. Ujt-stream 
and down-stream winds of any given force pioduced about equal effects upon the dis- 
charge, the signs of course being different! hi other words, they lowered or raised the 
axis by nearly equal amounts. There are some theoretical reasons for a tendency 
toward this result, but an absolute equality of effect could hardly be anticipated. 
A down-stream wind acts upon the water first by relieving it from the resistance of the 
calm atmosphere, so that its whole force is effective in raising the axis from the posi- 
tion it occupies In a calm, and is equal in amount to that of an up-stream wind of the 
same force. The elteets of the two winds in creating waves, however, are different; that 
of the down-stream wind being proportional to the difference between its own and the 
river's velocity, while that of the up-sti'eam wind is proportional to its whole force. 
The force of the wind is more effectively exerted when the waves are large than when 
they are small.* 

Although, as just remarked, no perceptible difference could be detected in the 

* Enough has now been learned to Justify tie r&fttrk Unit the nstrtwca at th.- wrftwe in cftlffl wetttfeer can bo 
only partly du« to the Motion apilost Hit- wr, otbewma * down stream wind, moving with eqo«I velocity with ttw 

water, must reduce it to zero and raise the axis to the surface— a result coiarury to the observations. It occasions 
no surprise, however, to one fomdmr to the bulls und whirls of the Mississippi, ihut they should eiiuso a great loss 
of living force ul the anrfaue, mid consequently ft great retardation of the surface current. 
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amount of the irregularities in the curve of discharge caused by up-stream and down- 
stream winds, great differences were evident in the elects of winds uf different force. 
The following is the numerical result of the study of the Columbus observations: — 



Up stream or down-siretim mini, force 1, diminishes or iiieiTases tlic enmpnied discharge. 
'. ■■ •■ ci 2 " " •■ « 

>■ ii •' -i 3 ( i. ii tit ii 

II l' <• H A .. |< |l 1! 



fr. I -■■ ii.nrl. 

.. 7, mill 

,. 12,008 
.. 19,000 

_ ;i:!,il()i.i 



This empirical table of correctiun was applied to the Columbus, Vickshurg, and 
Natchez curves of discharge. It was found to diminish their serrated 
appearance greatly, but the correction was evidently too great for the i/i^ed 3, 1J y 
low and too small for the high stages of the river. It was merely an 
empirical rule, and ""/< correction audd pmjierly U' applied only in that stage of ike rir/r 
for which if w deduced, thai is, when the mean velocity ' n -' as about the same <(« the mean, of 
the menu velocities of the days fn<m whim ofmrralimtv it tens deduced. 

Tin.- idea appeared to furnish a clue to the solution of the problem analytically. The 
effect upon the discharge of a certain mean day for each of the four it i s made the 
desired forces of the wind might fairly he considered to be known. If it basis of an ana- 
were possible from this to deduce the amount which the axis of each of ty 11 ? 3 - 1 ll l T 5. sti " 

„ , ., ,, gation of the 

the mean sub-sun ace velocity curves oi those tour days must have moved effect of wind 

from its calm position to produce this observed effect upon the com- upon the locus of 

* i» % i i ni ii i e i ■ i •. -1,1 ... the maximum 

puted discharge, data would be deduced from which it might be possible velocity in the 

to discover the law governing the effect of the wind upon the axis. An Mean vertical 
effort to accomplish this object formed the next step in this investigation. 

The process was identical for each of the four forces under consideration, although 
the data were, of course, entirely distinct for each. A list of the days 
from which the empirical correction had been deduced was made. There JJSEJjjJto 
were, then, computed for these days a mean approximate discharge, a quantities enter- 
mcan approximate mean velocity of the river, a mean gauge-reading— m^the computa- 
and from this the corresponding mean radius of the river — an unneu- 
tral ized effect of wind, found by dividing the number of days on which the wind was 
blowing in one direction more than in the other by the total number of days, — and, 
lastly, a mean velocity •"> feet below the surface. The latter was found by taking 
a mean of all the tabulated velocities for all the divisions on the specified days. These 
mean quantities, together with the deduced empirical correction for the force under con- 
sideration, constituted the only data necessary for solving the problem, The following 
table exhibits these data for "each of the four forces of the wind, together with some 
quantities deduced therefrom in a manner subsequently to be explained: — 
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Assuming equations (2) and (">), and substituting for V, V,,, D, V,„, \ r l( , and A ,r (I , 
respectively, U, U,, , r, U ra , U P , and D , the following general formulae for 
The unneutral- large streams, applicable to the mean of all vertical curves, result — 

„i£i;r w u=u,-(ii.]S5fi f) >.('^'f. 

eliminated. o i rf /l i * 

If now, in equation (0), the tabulated values corresponding to the wind-force under 
consideration be substituted for l*, t\ and r, together with the corresponding value for 
<1, namely, 5, it is evident that the formula contains only two unknown quantities, 
V, {i and tt tl and that if the corresponding value of either of these quantities can be 
determined, the otherc.au be computed. The mean calm value of '/, namely, I), '517 r. 
cannot be assumed, since the curve is still acted on by a certain fractional wind-force. 
This force is, however, known (see above table), nnd, from the given data, it is possible 
to compute whnt U„ would have been had there been no wind; in other words, to com- 
pute a new value for tj 6 , which shall correspond to the known calm value of <} t . The 
effective force of the wind in each ease is so small that no corresponding effect wilt he. 
made upon v, which will sensibly change the small function of it that enters the formula. 
The new value of U 5 , corresponding to a calm, is deduced from the following considera- 
tions. For small changes, the mean velocity 5 feet below the surface may be assumed 
to be directly proportional to the mean velocity of the river. But the latter is directly 
proportional to the discharge, when, as in this case, the area of cross-section remains the 
same. Hence U a , in the above expression, is, for slight changes, directly proportional to 
the discharge. But the eflfect of the wind upon the computed discharge can be readily 
deduced, since the direction (if blowing determines its sign, and the product of the frac- 
tion showing the effective force, by the empirical correct ion, its amount. Designating, 
therefore, by L T ' ;: tbe value tl„ would have had, if no wind had been blowing, the follow- 
ing proportion and resulting equation arc deduced: — 

Approximate discharge as computed : Approximate dSaeastge, Imil it been culm : : U„ : V\, 

Approximate discharge, )im! it been culm 
A ]'pni\im*te discharge ancampntcd 

By this formula, the values given in the preceding table, in the column headed 
"LTV', are deduced. Using these values for V, and 0.;;17 r for <h* the other quantities 
remaining as before, equation (li) can now be solved, and the value of U (f( deduced. 
These values are given in the preceding table, in the column headed " V',, ", Substitut- 
ing these values for LJ,, in equal ion ((}), with the tabulated values of B Mid r and the 
mean calm value of i/,, 0.317, and then making </ = and </ = /■, the values of the 
velocity at the surface and at the bottom, contained in the column headed '• l''„" and 
" U' r "» are deduced. All the quantities contained in the second member of equation (7) 
being now known, the values contained in the column headed " T,,," are computed. 
What the approximate discharge and the curve of velocities in the mean ver- 
tical plane would hnve been on each of the four mean days, had 00 wind 
Analysis of the been blowing, has now been legitimately deduced. Moreover, the abso- 
the effect of wind hute discharge per second must be unaffected by any wind of uniform 
upon the locus of lbree. This reduces the problem to the question how much the axis 
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must be raised or lowered from its calm position, in order to make the the maximum 

prod nut of the approximate discharge corrected for wind, phis or minus velocit y in the 
1 " 1T 1 mean vertical 

each of the empirical corrections in turn, by ,.,"J equal to the product of P lane ■ 

the approximate discharge corrected for wind by ^"\ the quantity U" s being the mean 

of the velocities 6 feet below the surface corresponding to the particular wind-force 
under consideration. To answer this question, reference must again be had to equa- 
tions (6) and (7), and values for the constants must be deduced, adapted to a curve 
acted upon by the several wind-forces in turn. 

The same course of reasoning as that followed in deducing U' fl will lead to the Col- 
li iwing expression for U" :> , in whioh only known quantities enter the second member. 
The computed values are entered in the preceding table, in the columns beaded "Wind 
up GV and " Wind down UV- 

Approximate disoharga corrected For wind ± wind correction for force under consideration 
U j == trj ~ ~ A(j[jruxiuiate discharge corrected fur wind 

Ebr r, the approximate mean velocity of the river in the above table may be used 
without sensible error. 

For d, use 5. 

For r, use the mean radius given in the above table. 

For V„ t use the value in the above table already computed, since it is evident from 
the following considerations that this quantity is unaffected by wind. Whatever be the 
uniform force or direction of the wind, the true discharge, and hence the true mean 
velocity, remain the same. But for a uniform rectangular cross-section, \J m = v. The 
difference between these quantities, being solely due to the form of cross-section, must 
be independent of wind except for its inappreciable eifect upon the level of the surface, 
and hence upon the form of cross-section. 

For U"„ and U"„ the following formube result by assigning the proper values toad in 

equation (6) ^ ie quantities O and r for each wind-force having the numerical values 

just named. 

U'„ = XJ\ - (0.1850 •)* (J) , 

U<V=U\— (0.1856 p)«(^) B ' 

If this set of values be substituted in the two general formula? (6) and (7), it will be 
found that only two quantities remain unknown, namely, U w ,, ( and d n the numerical 
values of which nuiy therefore be computed. By a somewhat tedious process of com- 
bining these equations, eliminating V\, and reducing, the following value of d n in terms 
of known quantities, results: — 

(0, 1-35 8 tQ'i (5 r — fr»~ 25 ) + i* (\J» — V m ) . 
f '< = (0.1856 v)* (10— t) ' + °' 

Tbe resulting values of d, , in decimals of the total depth, are given in the columns 
beaded '* Wind up .' and '' Wind down J * These values of -'» it will he remem- 
bered, are the numbers for which this laborious investigation was undertaken, and by 
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which it was hoped that the law governing the action of the wind upon the axis of the 
mean sub surface curve might be revealed. The following table exhibits an analysis of 
these values : — 



Wl.l.1. 



r 



Down— force 4 . 

Uo>i'n — torco *i. 

DoWDr~~fO?CG -■ 

Uowii — force 1 .. 

Dp— force 1 .. 

Up — fores 2. 

Up— forcR 3., 

Up — force 4.. 



Sum. 



0.080 

(I.VM 
U.I03 

tl.-JUO 

11.974 
0.441 

0.S05 
0.660 



iJill'C'lhi'-. 



0.030 

(i 003 
0.00 ( 
0.067 
0,067 

0.067 

1 1 1 |Q \ 
a 055 



ll.-IHU 



Mout 

't II ■ 1 •■'!■'. t 



II •"■■' 
ti, neo 
0,000 
O.OBfl 
0,000 

(1.1:1,11 

0.OH0 

II. 



0,480 



Buce«sBtva dlflSsrutiOMi 



0.010 

_ II.IMJH 

_ 007 

0.003 

0.008 

— K.1M17 

— O.IMH 

0,006 



VAlYl 



No clearer revelation of law could be desired. The effect <>f the irind, whether blowing 

tip or down stream, is directly proportional to its force, in the fanner ra.se 

and general ' lowering, and in the latter, raising the axis. Also, the amount of finch hue- 

equation for the ering or raising is independent of the mean relocitg of the rirer. When it 

locus of the max- . , , ,. c ,, , . ,, , , ,. ,, „, 

imum velocity in LS remembered that every part Ol the data lor detecting the eftect ul each 

the mean verti- wind-force is entirely independent of that for the other three forces, the 
ca pane. slight amount of the differences in the hist column of the above table is 

no less surprising than satisfactory. It is evident that d t is no longer an unknown quan- 
tity in equation (6), Its equation, which will receive a short discussion in the next 
chapter, is — 

(8) </,= (0.317 + 0.06/) r, 

in which/ is the number indicating the force of the wind; a calm, or a wind blowing 
at right angles to the current, being denoted by 0, and a hurricane by 10. Its essen- 

_ , .* tin! sie/n is positive when the wind blows up stream, and negative when 

Explanation of . , 

discharge com- down stream. 

putations can The especial object of this investigation of the laws governing the 

ih«ert WM°eft change of velocity below the surface is at length attained, since the 

on page 229, complicated and varying ratio, necessary to correct the work of the year 
185S, can now he readily deduced. 



FINAL DETERMINATION OF liAILV DISEJHABfil AT VELnciTV-STATtOXS AXO ELSEWHERE. 

Mcthotl of correcting discharge measurements for changes of velocity fa-low- the mtr/ace. — 

It will be remembered that the method of determining the discharge 

u" equat1011 or from the velocity measurements has been already fully explained, upon 

U," necessar y to the supposition that the velocity in any vertical plane parallel to the 

complete these current is the same at all depth*. The principles and equations just 
equations. ' ,. ■ • 

deduced render it possible to correct these approximate discharges lur 

the error introduced by this assumption. This can evidently be done by multiplying 
them by the ratio ,. - It only remains, therefore, to deduce an analytical expression 
for this ratio, and to explain how it has been practically applied. 
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Substituting in equation (7) fur U u and U f the following values (do- It is deduced, 
duced from equation (6) by substituting the proper values of (7), viz. : — 

(10) u r = u„,-(^:j^( r -^y, 

and reducing, the following value of U„, may be obtained: — 

en) u, = it„ i + (M >, g + ia=aj. 

Substituting this value of U Jr in equation (6), giving*/, its value in equation (8), making 
d = 5. and dividing the expression U m = U^, member by member, by the resulting 
equation, the following analytical expression for the desired ratio results: — 

, . 5- 5* 

( lL J Ua " ,, (l , (0.31V + 0.06/)(l«r_r') — 25 \ /. "\!i" 

U « + (3 + -p^- j ( h "J 

The numerical values of this expression were computed and tabulated for each velo- 
city-base by the following process. The days on which observations Mamier of deter _ 
were made were grouped according to even feet of the approximate mean mining the nu- 
velocitics already computed, it being assumed that the effect upon the merical values of 

iiii • , . „ , , the quantities 

desired ratio, produced by changes m mean velocity 01 less than one entering the 

foot, might be neglected. Each group was then examined in connection second member 

. . .1 - j 1 .1 1 • 1 .-11 ii of this equation; 

with the wmd-record, and days were rejected until only calm days, or w ^ tg ^ e f 

those on which the wind blew directly across stream, or those on which, resulting values 
when combined, the wind-effects balanced each other, were left. The rjolumbus 
resulting mean day in each group was equivalent to a calm day, so far Vicksburg, and 
as wind-cileet was concerned. The following mean quantities were then atc eZl 
deduced for each mean day by dividing the sum of the quantities by the number of days 
going to make up the mean duy, viz.: an approximate mean velocity of the river, a 
gauge-reading — and hence a mean radius — and a mean velocity 6 feet below the 
surface [found bv taking a mean of the tabulated velocities of all the different divisions). 
Substituting in equation (8) these mean values for v, r, andU, giving d its corresponding 
value, i), and making </, = 0.317 r, and &=* 0.185$, only tf 4 remained unknown. Its nu- 
merical value was therefore computed and substituted, with the same values for v, d n and r, 
in equation (6), which now contained only two variables, d and U. By making cf = 0, and 
d— r, and deducing the corresponding values of U, the velocity at the surface and bottom 
became known. Substituting in equation (7) these values, together with those computed 
for 1I V '/,, and r, the value of U m resulted. Substituting in equation (12} these values 
Of l',„', with those already deduced for rand r, and milking h= 0.1 .850,/ alone remained 
unknown. 11 v giving it successively its value for each of the various forces and direc- 
tions of the wind, the following table has been computed. It will he noticed that eight 
ratios were deduced for Columbus, five for Vicksburg, and one for Natchez; and that 
they differ very slightly at the different stations. 
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Tahle of ratio* for conrt'tiutj the "tipproxiitHth" ilixrhunf^ nf thv Miwixxippi. 



Locality. 



f'olumhua, Kentucky, 



Appro?* 

1 1 -. > ■ 1 1- 1 1' id ■.)■. 
ur river. 






Ftfi. 
1.6820 

2.IIIM 

8.0548 
4.5097 
13428 
i;x<\<«\ 
7 4282 
8,3102 



Will. I 
down i. 



Win- 1 

down 3, 



Uir, i 

*\-w ii .: 



i>.9n759 0.9225H 



mm) 

iluwu !, 



Culm. 



Wind 

n|i t. 



Wind 

ni> i. 



»h,., I 

wp a, 



0.98701 0,05390 0,97040 0,98760 1.00521 

(1,82202 0.98519 0.94874 0,90273 0.97787 0.09192 1.00721 

0.9371(1 0.9482(5 0,95917 9.97118 11.988012 0.99521 1.9076" 

0.90428 6.974<J(i 0.98540 0,99(341 1.00700 

0.9B809 n.'.tTTii 9.H8728 0.99727 ' 1.00089 

0.971SI d.98tilfi 0.9&91H 0,99837 1,00773 



0.9-HHO ' (1,115(117 
(194908 0,95829 
'I 93400 ' 0.9(J2tS1 
0.95751 i 0.90900 0.97385 
9.05988 0.00747 0.97523 



VicUsburg. Mississippi 3.GQ88 
. 4. 4110 
' :...V,71 
0.7303 
7 0629 



0,93881 0,94864 



0.98193 ii 9H033 0.99891 1.W1702 
a98ail i 0,99112 0,99927 I.OOTiSO 



11.05840 



0.04544 ii 95 158 90423 



06101 
0.96031 



i). 90H1 7 (1.90896 
0.90440 0.97264 



l] 'm;>i;:: 0.97896 0.9895(1 

0.9734*1 0,98810 li 99 ■ KJ 

0.97T83 0.98003 0.99018 

D.9S19S 0,98932 0.99823 
0,99090 



1. 02:157 



II IN. I 

U|l J. 



t ,0420! 



L0229J 1.08923 

1.02U48 i t. 03369 

1,01903 [,118958 

1,0179:1 ' 1,02868 

I.H1727 L02697 

1.01048 ' 1.02551 

1.01698 1.02468 



1.1 37 I 1.01142 

1. 00*17 1.01887 

[.00567 1,01618 

1.DII7H0 l.l 1 1 i;i 1 1 



1.02271 
U8J889 
1.02494 
1.U2519 



Naleliej, Mississippi.. 



4.0901 0.94608 



ii. -...-,.-, .96454 0.07428 0,98480 0.90438 1.00460 1.01622 1.0S6O2 

I I 1 



The practical implication of these ratios, so laboriously deduced, was very simple. 
The approximate discharge For each day at Columbus, Vicksburg, and 
55? h taDle to°taB Natchez was multiplied by the ratio, in the above table, most nearly 
final eomputa- corresponding to its approximate mean velocity, reference being had to 
SijJ. the di '" tlie »* ortIed force iVml direction of wind. A. wind blowing directly 
across the river was considered calm. These discharges were then 
divided by the corresponding areas of cross-section, to determine the true mean velocity. 
The results of these operations are given in Appendix I), in the columns, headed "Dis- 
charge" and "Mean velocity." The same operation was performed upon the following 
observations in L851, in which all the floats passed near the surface, viz.: — 

ltuti Ill's point , l-'ilu imrv 25. 

Kiwi- river landing ......Mm ■ U [0, 

Rnccourci cnl-off. Mnri'h I [), 

linton Rouge..... April 1 and April 20. 

Bonaci Ciin m«.y bo, 

These corrected values are plotted on plates XV, XVI, and XIII. On the two 

- . , former, the ordinates are the daily gauge-readings, and the abscissae the 

Internal evi- ' ,. , , ,. 

denee of accu- corresponding discharges per second. On the other, the ordinates are 

racv ' the daily discharges per second, and the abscissa 1 the corresponding 

dates. Many references will be hereafter made to these diagrams. At present, they 

are mentioned only to call attention to the evident smoothness and regularity of the 

curves. This is a severe test of the accuracy of the work, as the scale is sufficiently 

large to reveal readily by a serrated form any irregularities from day to day. To avoid 

complicating these diagrams, the "approximate discharge" has been omitted, but the 

curve can easily he added from the tabulated values in Appendix I), if it be desired. It 

will show that much of the freedom from irregularities is due to the application of the 

correc lion- ratios given in the last table. Indeed, it may reasonably be claimed, since 

this table is affected by every principle thus far enunciated in this discussion, that the 

effect of the deduced corrections upon the curves of approximate discharge would be a 
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sufficient guarantee of the truth of the wholo new theory far velocity below the surface, 
even if it rested upon abstract reasoning alone instead of upon observations. 

The mnrrh'l values are of course used In all the discussions of this report. To 
guard against any cavillings which may be directed against a process so 
long and intricate as that by which these ratios have been deduced, all Sarks^ 

the data have been presented, necessary to enable any person to correct 
tbe approximate discharge, by any other desired process, for the difference between the 
velocity '■> feet below the surface and the mean of the whole vertical curve. It fortu- 
nately happens that the deduced correction-ratios differ so slightly from unity, that no 
general opinion can be based upon the revised result, which might not with equal pro- 
priety* be drawn frost the first approximation, wholly uncorrected. 

/„/• rpolations&f iaitg discharge a) edoeitif-jtattons. — One uniform system was adopted 

at the several velocity-stations for determining the discharge on those Genei , aI tem 

days on which no curreut-observations were made. The discharges of interpolating- 

art nail v measured were plotted both with respect to time, as on plate tlv e discharge 
* . , , ,. <> ,1 - , , , MT l mi whennomea- 

XIII, and with respect to the stage of the river, as on plate XV. The surements were 

determined points on one of the diagrams were then connected so as to made.— Missis- 
make as smooth a curve as possible. The interpolations indicated by 
this curve were next tested and corrected by plotting them on the other diagram. A 
lew trials will convince any one that, where observations are as numerous and exact as 
on this Survey, such interpolations are entitled to the same confidence as actual obser- 
vations. They in fact amount to the same thing. For the tributary streams, the fol- 
io win.;: explanations are required. 

The measurements upon the Arkansas, at Napoleon, were sufficiently numerous to 

allow the system of interpolation just described to be employed for that 

P r i i ±i ' Arkansas river, 

river. A correction was necessary lor a lew days when the river was 

highest in order to allow for some water which poured across the bend just above 

Napoleon. The amount of this correction from day to day was carefully estimated from 

reliable notes and records, and may be easily determined by comparing the discharges 

given in Appendices I) and E. 

The discharge of White river has been assumed the same as that of the Arkansas, 
at Napoleon; partly because the measured areas of cross-section of the ^ 

streams near their mouths are about the same, and partly because the 
large connecting bayou or cut-oil' has the effect of equalizing the discharge through the 
two channels below it, no matter from which river the water originally comes. 

In addition to his measurements upou the Mississippi river, in 1858, Mr. Pattison 
was charged with occasionally ganging the Yazoo river, and with fully 

t , , «*■* 1 i I aZOO liver. 

informing himself, irom the regular packets plying between Vieksburg 
and YazoO City, of' its daily condition. During high water, these measurements could 
lie readilv made, since he could pass in his skill' through the swamps, and return the 
same day. Alter the river fell, the work could not be prosecuted without interfering 
with th«' operutUma upon the Mississippi, and it was accordingly discontinued, .Exact 
memoranda obtained from gentlemen residing upon the river, together with the mea- 
surements ami notes of Mr. Pattison, furnish the means of accurately fixing the daily 

84 
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Red river. 



discharge from December, 1S-"i7, up to the last gauging on July 2S, lS'iS. Subsequent 
to that (lute, it is not attempted. 

The contributions of lied river, during the Bood-period of isr,8. were determined 
with much accuracy by a. general system of checks. Through the kind- 
ness of Mr. Thomas K. Smith, at Alexandria, the information needful 
for a knowledge of the daily stage of 1'cd river at that point, was secured. The gauge 
of Mr. II. D. Mandeville, at the crossing of the Vidulia and Harrisonburg road, supplied 
all desired information relative to bayou Tensas. Besides the gauge-register at Red-river 
landing, Mr. Torras kept a daily record of the direction and force of the current in Old 
river. The gauging* of lied river, bayou Atehafalaya and Old river, made in 1 851 by Mr. 
G. C. Smith's party, and repeated in 1858 by that of Lieutenant Abbot, afforded a defi- 
nite idea of the capacity of these rivers for discharge. The measurements at Vickslmrg, 
transferred down the river in the manner soon to )>e explained, fully checked and 
established the accuracy of the discharges estimated by discussing and studying these 
various records. It fortunately happened that, during the critical period of high water, 
Red river was low, and the Atehafalaya carried off the crevasse- water which drained 
through Black river. The water in Old river thus remained stationary, or nearly no, at 
this most important time, and no error of any practical importance can exist, therefore, 
in the estimated contributions of Red river to the Mississippi during the tlood. 

Bayous Plaquemine and La Fourche so much resemble was to- weirs, that the amount 
Bavotis Plaaue- rece ^ ve ^ f° 1 ' anv given stand of the Mississippi must be a nearly uuvary- 
miae and La ing quantity.* By the aid of this principle, the measurements of the 
Fourclie. Survey afford all needful facilities for determining accurately the daily 

discharge during the Hood-period, when a gauge-record has been kept, The lid low ing 
table has been computed for this purpose from the data contained in Appendix D. : — 



* Bayou Atehafalaya belongs to this class of streams, I nil, owing to its peculiar situation, it i* evposcd to certain 
anomalous influences, which may produce no important effect upon its discharge For this rita.no n, no scale is n in- 
structed, although the following data are sufficient to furnish a clcscly approximate* idea of the discharge nl miy given 
sltind: — 



AuUierily. 


I'ul--. 


SUml Mi.vr high waler, 1S11. 


Dl»cli»riti' |>m nftnu.l. 




March 0, 1861. 
Much 8, ISiU. 
Feb. II, 1S.',H. 
My l-'.t, I860, 


Witt. 

1 « 
1 ~\ 

as 

8I5.D ± 


Vvhif. JM. 
IO.',.lilNI 

0fl,O(X) 

77, into 
2tf,tJ00 


Mr, UaiLunii, Stale Engineer of Louisiana. 
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Steak of dlsclianje far /he bayous. 





ttiai'liiiw per nwnil in Cllbfr li-t. 


Htebntppl belifflr U\v}\ n;it' k r, l sin I, at rtj^a* 








i-i"i, I'l utuonUjie, 


Biyou L:L F^lti'dli:. 


iVrt. 






1 
I 


?,:>. (it mi 


] [,600 


;!*.', r ii hi 


[0,600 


28,000 


9,600 


20,000 


S.Sill) 


4 


28,000 


7, win 


5 


21,niHi 


7,100 


II 

7 


18,000 
15,000 


6,800 
6,400 


e 


12,000 


*,fl00 



A very satisfactory test of the exactness of this table is furnished by the result of 
tbe measurements of the discharge of bayou Plaquemine. made by Mr, Charles Bitter 
at tbe date of high water. 1858, and kindly communicated by Mr. Louis Hubert, State 
Engineer of Louisiana, Tbe bayou stood about 2 feet below high water of 1853., and 
the. disc barge per second by the above table would therefore have been 29,000 cubic 
feet. Mr. Ritter found it to be 29,869 cubic feet — a difference of only about three per 
cent, 

Traif/'f of measured discharge. — There is yet to be explained the general method of 

computing — from the tabular exhibit of the daily discharge per second 

tit the velocity-stations and the daily loss per second by crevasses 0utline °^ the , 

,,,,,' . , , , ... J process adopted 

(assumed tor the present to be known), together with the corresponding for transferring 

gauge-records at different points of the river — the daily discharge oer measured dis- 
second at various important points selected for study. One uniform 
system has been adopted for all such transfers of measured discharges. Tbe mean rate 
of movement of the water having been computed by dividing the approximate discharge 
by the approximate mean area of the river between the points considered, the water- 
prism measured at the velocity-base is traced to the point where the discharge is required, 
and corrected for the losses by crevasses, and for the contributions from tributaries, 
shown by the measurements to have occurred at the dates of its passage. This is all 
that is needful, provided the river is at a stand while this prism is passing, which it is 
always at the tup of the Hood, when exact accuracy is most, important. If, however, it 
lie rising or falling, the prism is affected thereby; and a correction, found by multiplying 
tin' !iu*fin area of river surface between the stations by the mean rise or hill per second 
while the prism is passing, is to be applied with its proper sign. A single example will 
show the practical application of this process. 

Let it be required to find the discharge per second at Helena on July 15, 1858. 
When the Mississippi is at high-water mark, its mean area of cross- 
section from Columbus to Vicksburg is about 194,01)0 square feet, and xamp e, 

iis discharge per second about 1,200,000 cubic feet. This gives for the rate of move- 
meul of the water about 100 miles in twenty-four hours. This rate may be 
assumed without sensible error for the Hood period. The distance from Helena to 
Napoleon is lOii miles; thence to Providence, IM2 miles; thence to Vicksburg, 70 miles; 
making a total distance of 301 miles from Helena to Vicksburg. It may, therefore, be 
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assumed that the water-prism which, moving at the rate of 100 miles per day, passed 
Helena between sunset cm July 14 and sunset on July 15, passed Napoleon between 
sunset on July 15 and sunset on July 10; passed Providence between sunset on July 
10 and sunset on July 17; and passed Vicksburg, where it was measwed, between sun- 
set on July 17 and sunset on July 18. Corrections are, therefore, to be taken from the 
tabular exhibit in Appendix E, and the tables of crevasse discharge given in Chapter 
VI, to correspond to those dates, thus: — 

Cubic Ifcaf |i< n r BMOpd. 

Measured discharge at Vicksburg, July 18...... ..,.. 1,225,000 

Deduct discharge Yazoo river, July IS 18T>WX} 

1,083,000 

Add crovnssw, Providence (ti Vicksburg, July 18 1 r 'g lltblrak ■ 't'/lll 

b ' llc-fr hank H«00 

Approximate <liscliargc a! Providence, July IT ■■ 1,14'U"^ 

AJ1 v i . ii ■! ti ,-frighlbuuk -. 2,000 

Atbl erevnaacs, Napoleuti to L'vovidence, July li i 

i Left bank S,(l<m 

Approximate discharge at Napoleon, July 16........ 1,169,000 

Deduct disc barge Arkansas and White rWera, July til U3G,QQfl 

999,000 

Add crevasses, Helena to Napoleon, July 10 ! ri * U **** "'• Kl > ,HX1 

I lefl bank 68,000 

Approximate discharge at Helena, July l'i 1,I)7X,000 

This computation shows that, if the river bad been at a stand during the passage 
of this prism of water, the discharge at Helena on July 16 would have been 1,078,000 
cubic feet per second. By reference to tbe gauge-records at Helen a. Napoleon, Providence 
and Vicksburg, however, it is seen that tbe river was falling during tins period, and 
that, consequently, the discharge at Vicksburg was greater than that at Helena by the 
amount of water draining out of the channel between Helena and Vicksburg. Tbe 
amount per second of this supply must, therefore, be deducted from 1,078,000, in order 
tu find the true discharge per second at Helena. The gauge-records show that the 
river fell — 



At Helena, July II to July IS , 0.8 

At Napoleon, July IS to July t« 0.8 

At Providence, July l« to July 17... 0.7 

At Vicksburg, July 17 (o July IB t'.tl 

Since the river fell 0.8 of a foot while the water-prism was passing Helena, and 0.5 of 

a foot while it was passing Napoleon, it fell - = 0.65 of a foot while passing 

through the channel between those two places. In like maimer, the river fell 0.00 of 
a root in passing between Napoleon and Providence, and 0.35 of a foot in passing 
between Providence and Vu-ksburg. Since these places are nearly equidistant the 
entire amount of water which was added to the discharge at Vicksburg on July 18 by 
the draining of water from the channel between Helena and Vicksburg, can be ob- 
tained by multiplying the area of water surface between those places in square feet 
(804 x 5281) x 4300) i l y - C5 + - «l±gjS > wlli( . h giv ,, s 8,081,100,000 cubic feet. Divid- 
ing this amount by 86,400 (the number of seconds in 24 hours), we have 48,000 cubic 



Rise at Ileletift ... July II- 

304 X 5880 X4»«"> 1 1 i Twice rise ul Snix.Wn July WV 

Channel correct ion = — 5ir~Ti«T ~ X. a \ < qi_;*. . » •] ■ 

bD 1 «OV '-\, J -)- Twice rise at l'rriv]ilei](,'e , Ii, 

f ttise fit Vicksburg...... In 
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feet for the amount thus added per second. Subtracting this amount from 1,078,000, 
we have 1,035,000 cubic feet for the required discharge per second at Helena on 
July 16. 

In practical application, this process can he somewhat simplified 
by stating it in the form of an equation, and reducing the numerical Jf^fmputatira 
coefficients. Thus, in the example just given, the process is represented 
by the following expression j — 

,-,, ) 

5-1 lj f 
lulylfi-17 / 
luly 17-18 J 

By reduction the coefficient becomes, say 13,000. The method of computing the daily 
discharge at Helena, during a flood stage of the river, may then be indicated by the 
following expression : — 

Discharge per second al Vtcfesburg.. July l* 

— Discharge pet second <>i' Yihoo riTtfr J"ty is 

-v Discharge per second of crevasses, Providence to Vicksburg July 18 

-f Discharge per second of crevasses. Napoleon to Protidenoa July 17 

Db6h*?g« per second \ _ I — Discharge per second of Arkansas* und While rivers July 15 

ui llfkiia, July I". / -f- Discharge per tweond of crevasses, Ifelcm to Napoleon , July Ifi 

{like ai Helena July 14-15 
4- Twice rise ai Xapoteoti July l-l-lii 
-f- Twice rise .it Providence,... ..July ltl-17 
4- Rise at Yicltsburg )uly 17—18 

This method of computation has been applied, without exception, to all cases where 
local discharges have been determined from those measured at the velocity-bases. It 
is evidently a strictly mathematical process, allowing no latitude in its application. 

No further explanation is believed to be necessary to give an exact idea of the 
manner of determining all the discharges of the Mississippi river and of 
its tributaries, which enter into the discussions of this report. It may remarks!" 5 

sceiti tlint an unnecessary degree of detail has been attempted, but, 
since practical conclusions of great importance are based upon these numbers, it is 
essential to demonstrate fully that they are worthy of confidence. 

l'iri.D OPERATIONS !!>OX n rs. — kksl-ltinig formulae, etc. 

Tbe requirements of the Survey made it imperative to undertake the measurement 

of the discharge of water fchromdj crevasses, or breaks in the levees, at 

- , . , , , , , . . 1-1 fta General pheno- 

Beasona ot high water, although the operation is so exceedingly uilli- mena attendant 

Cult that it has rarely, if ever, been heretofore attempted. Several upon the flow of 

Baleful observations upon crevasses were accordingly made during the ^ v e a * sse g° Ug ' 

progress of the field work, and the results, although necessarily less 

accurate than the gaughigs of the river itself or of its tributaries, yet seem, so far as 

they can be tested, to be worthy of confidence. 

Before proceeding to detail these observations, a few preliminary remarks upon the 

general phenomena attendant upon I be flow of water through crevasses may not be out 

of place. It is hue of every crevasse, great or small, that its effect upon the currents 

of the river extends only a short distance from the bank. This was the ease even with 
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the Bell crevasse, when, on May 13, 1858, it was 327 feet in width, anil, probably, 
about 15 feet deep along the line of levee. Even with these dimensions, no sensible 
influence was produced upon tin.' line of motion of floating bodies passing at about 200 
feet from the edge of the natural bank (or 300 feet from the break in (he levee). The 
day was calm, and no known anomalous influence existed. Between the crevasse and 
this outer limit of its influence, there is always a movement of water toward the break 
from all points — below as well as above. This movement gradually increases in 
velocity until it passes the break and reaches the level of the ground in rear of the 
levee, when it rapidly diminishes; the water spreading in all directions, but mostly 
flowing toward the swamps. There is a sensible slope from the outer line of crevasse 
influence to the line of levee, where there is oftentimes a kind of cascade. In passing 
the break, whether by a cascade or not, the water is higher in the middle of the open- 
ing than at either side. These eonditiims are evident to the eye in large crevasses, 
unless, as may happen, the wind or a peculiar situation of the break with respect to 
the current of the river modifies the flow of the water. It may, therefore, be inferred 
that they exist in small crevasses also. 

The difficulty of measuring the discharge of a crevasse can now he appreciated. 
Difficulty of '1 ,|k ' msu C)( ' fllu torrent through a break generally renders the use ol' a 

gauging a boat impracticable. The. area of cross-section is constantly enlarged by 

the caving of the levee and washing of the natural bank, ami can 
rarely be accurately determined. The swelling already mentioned, due to the exces- 
sive velocity in the middle of the break, besides drawing the floats from the .sides to a 
narrow path near the thread of the current, prevents any very accurate measurement 
of the slope of the water surface. The constant change in velocity, from the outer line 
of crevasse influence to the point of spreading out over the ground back of the levee, 
renders the method of gauging by floats objectionable, but tin- almost irresistible force 
of the current and the great slope of the water surface make any other plan impracti- 
cable. From these considerations it is evident that strict accuracy cannot be expected ; 
but the close agreement of several experiments, conducted by different individuals upon 
varied plans at different crevasses, induces the belief that a knowledge of the laws of 
discharge has been attained. 

Obseroati&na upon the bBfocify nf mvvw^ tlctuilnl aiul otiactwed. — On several occa- 
Ro h sions, the velocity of the thread of the current of different crevasses was 

surements of roughly measured by timing floats past base-lines of different lengths, 
velocity. extending from the levee toward I lie swamp. The following table 

exhibits these results: — 
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In cadi of these cases, except at the Ilesperia crevasse, the base-line was so long that 
tin.' witter must have undergone many and great changes of velocity, rendering it impos- 
sible to deduce from the observations that velocity with which it passed the line of 
levci' — the only line upon which the area of cross-section of the stream can be deter- 
mined even approximately. Moreover, the relation between the slope and the gener- 
ated velocity not being noted, these observations cannot be used in deducing a general 
rule for discharge; nevertheless, they are of value because they show how much the 
popular idea respecting the velocity of crevasses is exaggerated. 

In addition to the above, three sets of observations were made 
with all possible exactness and with gveat care to obviate causes of suremeat™ 611 " 
error and arrive at practically useful results. They will be noticed in 

turn. 

Observations upon the crevasse at Funw Hlriri-e were made by Mr. G. C. Smith's 

M'trl v on March 28, 1851. This crevasse occurred where the levee was 

" . i • li jit u i i t - r ■ - j. •. Fausse Riviere 

about o feet m height, with the water about 4.5 feet against it on crevasge . 

March 28. Tlie water, after rushing through a break TOO feet in 
width passed into Fausse Riviere, and, being restrained by the hanks. Howed for a time 
in the old bed. The measurement for discharge was made in this channel, where the 
stream had apparently attained a nearly uniform velocity, the surface being 3.2 feet 
below the river surface. The area of cross-section was 8420 square feet; the maximum 
central surface velocity, 6.5 feet. The ratio between the maximum surface velocity 
and the true mean velocity of a stream of about those dimensions may be assumed at 
0.85 as will be hereafter seen. Hence the discharge per second of this crevasse was 
3420 X 6.6 x 0.85 = 18,900 cubic feet. By the usual formula for discharge through weirs, 
with Cast el's coefficient for reduction in the case of a canal through a dike,* we have 
the discharge equal to 0.527 x 5.348 x 700 x (4.5)* = 18,S30 cubic feet. This coeffi- 
cient (0.527) was deduced by Caste! with great tare from experiments upon a weir 
about 0.7 of a foot wide, with a canal 0.7 of a foot long, whose slope was 10 upon 
133 and with a head varying from 0.1G to 0.36 Of a foot. The closeness of the agree- 
ment of tliis formula with the observation is certainly satisfactory. 

Observations upon the Gkrcfcmm cmnsse were made by Prof. Forshey's parly, on 
April 10. 1851. The crevasse was 350 feet in width, the levee being 7 ^ 

feet high, with the water about 5 feet against it on April 10. A pile- ¥asgCi 
driving boat, about SO feet in length, was moored in the crevasse, and 
the measurements were made from it. The velocity of the water in passing its entire 
length was 8 feet per second. Wli.-iv it passed the line of levee, falling 2.5 feet m 10 
feet, the velocity acquired at the latter part of this distance was 15 feet, The iloats 
passed in tin- line of maximum velocity. Adopting the above ratio, the mean velocity 
ia 15 x 0.85 = 12.75 feet. Hence the discharge is equal to 12.75 x 350 x (5 — 2.5) 

LI 156 cubic feet. The discharge determined by the weir formula with Castel's dike 
coefficient is equal to 0.527 x 5.348 x 350 x -. 11,025 cubic feet— again in close 
accordance with the observations. 



r T Mil- W li* K in whidt IJ — discharge, W = width of tlie weir, and 11 = thu head of the lower 
I'Jgu uf tin.' weir. 
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Observations upon the 3/il crsvaese were made by Li on ten ant Abbot, assisted by 
Mr. W. II- Williams, on May 18, L858, tlie crevasse being 237 feet in 

Its depth!* 886 ' width. The levee was generally about 7 feet high in the vicinity, but 
at the crevasse it varied greatly being, at some ] daces, 2 feet above the 
water surface, and, at others, so low that a row of gunny bags filled with earth, upon the 
top, was necessary to prevent the water from flowing over. This crevasse differed from 
the others upon which measurements were taken, by the waters having rapidly exca- 
vated a channel below the natural surface of the ground. The actual mean depth, on 
May IS, cannot be absolutely ascertained, but an approximation to it may be made by 
two distinct processes. Mr. G. "W. IJ, Bayley, when attempting to close it, found a depth 
of 22 feet at the lower end, near the spot where he was driving piles on May 4. The water 
stood about 6 feet deep on the natural bank (sec l he Carrolltnn gauge), showing a local 
excavation at that time of 10 feet. A detailed survey of the site was made at low water 
(see figure 5, plate III), and an excavation of 40 tuet found in the same hole, although 
the mean excavation in the part of the crevasse open on May 4 wan only 25 feet. 
Hence, assuming the mean depths to Ijc proportional to the depths in this hole, we have 
40 : 16 : : 25 : 8, giving 8 feet for the mean excavation across the whole crevasse on 
May 4. The second process of approximation is as follows: At low water the width 
of the crevasse was 731 feet, an increase of 400 teet having been made at the lower end 
of the break since May 13. On this 4011 teet a mean depth of 15 feet below the natural 
surface bad been excavated by the water. Assuming the rate of excavation to be uni- 
ibrrn, it is evident that the abrasion made previous to May 18 over the space of 327 
feet must have subsequently increased 15 feet in depth, I Jut, as already stated, the 
mean depth of excavation found at low water on this 287 feet of the crevasse was 25 
feet. Hence the mean excavation of the crevasse on the line of levee on May 13 was 
25 — 15 = 10 feet. These I wo independent computations agree so well, giving 8 feel 
for the mean depth of excavation on May 4, and 10 feet on May 13, that no material 
error need be apprehended in adopting the latter for the true moan depth excavated on 
the line of levee on May 13, On the natural bank, outside the levee, the abrasion was 
much less. By the survey at low water a mean excavation of only 14 feet was found 
on this line in front of the break made previous to May 13, while on the line of levee, 
as already stated, a mean depth of 25 feet bad been excavated. Hence, allowing the 
rate of excavation on these two lines to be proportional, we have 25 : 10 ::14 : 5.6, 
giving 5.0 feet lor the depth excavated on the natural bank in front of the levee on 
May 13. Adding 5 leet for depth of water above natural surface, we have 1 0.0 feet 
for the mean depth of water on this line, and 15 leet for that on the line of levee 
on May 13. 

The excavation, although with a much less mean depth, extended some hundreds of 

, . feet back from the levee, Consequently, it modified the ordinary condi- 

Its velocity. , , " .. ., . ., , , , , 

tarn found at crevasses, where there is usually a well denned ana suuaeu 

fill in wafer Surface a! the line of levee. The current moved smooth)) from the outer 

edge of the crevasse influence with a. rapidlv accelerated Velocity through the break, and 

for perhaps 100 feet beyond, when it broke into violent boils, undoubtedly due to the 

irregularities of the bottom, and then spread outward in all directions. The laud was of 

course flooded, but a small spot remained uncovered, 66 feet back from the levee at the 
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upper eml of the crevasse. One instrument was placed on this island, and the other on 
the levee, mid the time of 11 oats in passing the distance between them noted, A mean 
of thirteen surface Hours, tolerably well distributed across the crevasse, gave a mean 
velocity of 10 feet per second far tlte current from the line of levee hack Go' feet, Mr. 
Bay ley, while driving piles to close the crevasse on May 1, found exactly the same velocity 
by noting the transit of two or three floats past ins boat, which was 60 feet in length. 

The measurements of May 13 will be discussed with a view to deducing the dis- 
charge of the crevasse on that date. As already stated, the velocity of the current, in 
passing from the line of levee rearward 66 l'eet, was found to he 10 feet per second, As 
during the whole period of this transit it was apparently undergoing a uniform accelera- 
tion, this velocity may be assumed as that of the current at a point 33 feet back from 
the tine of levee. 

The water surface at the lower velocity-station was found by careful levelling to be 
3.2 feet beltnv that of the river outside the crevasse influence} assuming the nearly 
stationary water surface 200 feet above the crevasse to be uninlhienced by the break. 
As already remarked, the water surface in the middle of the torrent rushing through 
the crevasse was considerably above that at the edges, estimated on the spot at half a 
foot, Hence, assuming for reference a horizontal datum-plane passing through the water 
surface at the lower velocity-station, the height of the water surface where the floats 
passed, near the middle of the crevasse, 66 feet back from the levee, would be + 0.5, 
and that of the river surface -f 3,2 feet. At the middle of the torrent, opposite the 
upper velocity-station, the depression of the surface below that of the river was esti- 
mated as closely as possible, by sighting through the level, at from 0.5 to 1 foot. Assum- 
ing it at 0.7 of a foot, the reference of this point above the datum-plane is 3.2 — 0.7 = 2,5 
feet. Considering the slope uniform between the two velocity-stations, the reference 
above the datum-plane of the point midway between them, where the velocity was 10 

feet per second, is, then, - - «= 1.5 feet. But at the outer edge of crevasse influ- 
ence, the crevasse velocity was zero, since the direction of the river current was parallel 
to the break in the levee. Then-fore a. fall of 3,2 — 1,5 = 1,7 feet gun -rated a velocity 
of 10 feet per second. But the general expression for the discharge on the line of levee 
is WD p, in which W is the width of the break, D its depth (which may be estimated 
with sufficient accuracy from the plane of the river surface), and r the mean velocity on 
the line of levee. The width of the current, 33 feet in rear of the levee, may be assumed 
to be the same as that at the break; the depth, considering the ground horizontal 
between the two lines, is D — 1.7; the velocity 10 feet. The discharge on this line, 
33 feet in rear of the levee, is, therefore, W * (D — 1.7) x 10. Since the discharge on 
the two Hues is equal, the equation results — 

\VDv=YT * (B — 1.7) x 10. 
By Simple algebraic reduction, the following value for the velocity on the Hue of levee 
can be deduced : — 

(13) —10-jJ. 

The next question which presents itself is important. Did the deep hole excavated 
on the line of levee increase the discharge of the Bell crevaase over Effect R the 
what it would have been, had the depth there been the same as on the discharge ex- 

35 
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erted by holes in natural bank between the levee and the river? In other words, Is 

the bed ot 

crevasse. 



equal to 10 or 10.6 in the above expansion and in the expression tor the 



area of cross-section WD? It is thought that it con he conclusively 
shown that the deep hole did not increase bill rather tended to diminish the discharge, 
and consequently that D cannot be greater than 10.0 in these expressions. In support 
of this opinion, it is claimed to be a well-esOdilishcd principle of hydraulics, that a 
limited hole in the bed of any stream, even if large enough to increase materially the 
local area of cross-section, has no accelerating, but rather a retarding effect upon the 
velocity of the current. This is probably due to the vertical eddies and boils which it 
occasions; but whether this be the true solution or not, the fad can hardly be disputed 
since the publication of Venturi's well-known experiments, To test the matter, he 
caused water to flow from a reservoir through a pipe whose diameter was alternately 
enlarged and then contracted to its original dimensions. These enlargements uniformly 
fa&eited ti«' discharge, A pipe, 86 inches long and 9 tines in diameter, disdhmged wtrh/ 
double ike amount of a pipe of (he name (fivutixioitu, but enlarged in ftee places to a diameter 
of 24 tines. 

Although these experiments are very valuable for establishing the general principle 
in question, they are not necessary to prove that, for this particular ease, bite hole on 
the line of levee should not he allowed to increase the value of I) in the formula. This 
can be proved by simple computation from the data jttsl given, The area of cross- 
section on the line of levee, as already seen, was 327 x 15 = 4905 square feet. Hut the 
area of cross-section on the line a, b, r, d (figure 5, plate 111), was equal to 10.0 
(142 4- 127 + 142) = 43o7 square feet, or 548 square feet smaller. The discharge on 
these two lines was of course equal. Il ibtlows. therefore, that the velocity on the line 
ab, c, ri must have been greater tluin that on the line of levee, lint ibis is manifestly 
absurd, since, both according to observation ami to the general laws governing the How 
of all crevasses, the rate of movement of the water underwent a constant acceleration 
between these lines and even for some distance after passing the levee. The absurdity 
arises from using too large a value for D, and the conclusion to be drawn from it is in 
perfect accordance with Venturis experiments. 

With the depth on the natural bank in front of the crevasse, the discharge on May 

Discharge of the 13 becomes 327 * 10.0 x (10- j»_) = 29,100 cubic feet per second, 
when gauged on ^ ne same values in the weir formula with Castcfs coefficient make the 
Ma y 13 ' discharge 0.927 (5.848 * 537 X (10.0)") = 31,806 enbic feet. The 

near accordance of these two values lends to the belief thitt 30,000 cubic feet per 
second, although probably somewhat excessive, is as close an approximation to the dis- 
charge of the Hell crevasse on Mav I'd as can he made. It will be noticed that it is 
nearly three times the maximum discharge of bayou La Pourche, and live-sixths of the 
maximum discharge of bayou Plaqueminel 

This concludes the discussion of all the observations made upon crevasses, but 
there are to be derived from them some general practical rules for computing the dis- 
charge, when, as was generally the case, no direct observations were made. Expressions 
for the velocity and the dimensions of cross-section are necessary, The former will he 
first considered. 
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Formula; for velocity of crevasse*. — The preceding tests of the weir formula with 
Caster* dike coefficient go far to establish its applicability to crevasses. 
Dividing botb members by WD, the following expression for the mean velocity of * " 
velocity results: — crevasses. 

» = 0.527 x 0.348 D« = 2.S18 D*. 

Before adopting this formula, however, it is well to examine the general expression 
already deduced for the mean velocity of the Bell crevasse, viz.: 



= 10 — 



17 



(is) 

From the manner in which it was deduced, it ought, if the discharge of this crevasse 
was governed by the usual laws, to apply to all crevasses of similar depth, although 
from its form, it evidently cannot bo used when D is less than 3 or 4 feet, since v 
becomes zero when D = 1.7. To test its general applicability to deep crevasses, it will 
be applied to the observations on those of Fausse Riviere and Gardanne. For the former 



it gives — 



Q = 700 * 4.5{10_A^ = iy/,30. 
For the Gardanne crevasse, it gives — 

Q = 350 x 5 (10-^ = 11,550. 

The following table exhibits a comparison of these results with the measured dis- 
charges and with those given by the weir formula with Castcl's dike coefficient: — 



O k -■ 



Fausse fH»fi fa 
Garduniie 



Dlitutiiirjci! par second In cubic foot. 


Monaural. 


Uy wait furtuirfiL. 


Brief, 


Uy nrvr fartnuliL 


Error. 


IS,'. KiO 

ll,loli 


1 H.S30 
11,025 


+ 70 
+ 131 


19,580 
11,550 


— IjJW 

— 3!U 



It is evident that both formuhe give nearly tbe same discharges, but as the new 
fori mi la errs on tbe nafe side for these two observations, while the weir formula probably 
gives a little too small results, and, as the new formula, being especially deduced from 
observations on a large crevasse, may be supposed to accord more nearly with this par- 
ticular class, it has been adopter! for depths greater than 3 feet. For depths less than 
4 feet, the. weir formula with Castel's coefficient is used. The following table exhibits 
the velocities computed by the two formula in the maimer just explained: — 

Sm/e if rrOxlty for creivwses. 



Values i>f D. i" feel •• 


1.0 


->.0 


:)n 


4.0 


5.0 


(i.O 


7.0 


8.0 


9.0 


Values iil'c ill feet ...... 


J- 


4.0 


1 '.' 


6,8 


15.0 


7.2 


7.0 


7.9 


8.1 



This table lias been uniformly employed in computing the discharge of crevasses. 
The manner of determining the value of D will next be explained. 

Jh-.ptk <f crevasses. — lu most crevasses, no excavation of importance is made, the 
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General rule depth vary in g with the rising or felling of the river. From the high- 
c°revasses° water depth un the line of levee, found by measurement after the river 

had Mien; from numerous river gauges observed daily at diJIereut 
points; and oftentimes from full local information from reliable sources, the daily depth 
of each crevasse, both in 1851 and in LS08, has been estimated with much certainty. 

For the rare and particular ease of excavating crevasses, tt has been laid down as 
an invariable rule thai the mean tUpilt of the water flowing oner tin 'natural ixmh must be 
used for 1), and that the fait of excavation is proportional to ihc duration of ihefiowmg of 
(he er&Dasse. 

As nn illustration of the exactness of this method of computation, even in extreme 
Test of the cases, the following cheek upon the accuracy of the computed discharge 

exactness of the f fa c vj ( ,|[ , uu j j ja g Fancne crevasses is given. The urea of tlie basin 
method adopted . , . , , . --,,,,. i u 

for computing uito winch they (lowed was say 20 * oil = 10UG square miles, Liy 

the discharge of records furnished through the courtesy uf the officers of the Opelousas 
crevasses, the -, , . , ,• . ,■ , .* ,, ±« ■ 1 

width being railroad company, it appears that the depth oi water m this basin eon- 

known, tinned to increase until July 29 when it came to a stand; and that on 

September 14 the How oi' the crevasse ceased, the water in the basin having fallen 7.4 
feet. These facts establish that on July 2\) the discharge of the crevasse became equal 
to the amount which was draining from the basin into the gulf; and also that in the 
forty-eight days subsequent to that date, a volume of water 1000 square miles in area 
by 7.4 feet deep, plus the total amount received from the crevasses in those days, drained 
into the gulf. The character of the outlets through which this water drained renders it 
fair to assume that the discharge from the basin on July 29 was sensibly equal to the 
mean discharge from it in the forty-eight days under consideration. But the latter 

quantity was v - = say oO.OOO cubic leet per second, increased by tlie 

1 J GU X GO X 24 X 48 J ' J 

mean discharge per second of the crevasses. The latter quantity (see Chanter VI) was 

107,000 cubic feet per second. Hence the a | (proximate mean discharge from the basin 

in the forty-eight days — or its equivalent, the discharge of the two crevasses mi July 

29 — was 50,000 -I- 107,000 = 107,000 cubic feet per second, liy the formula it was 

114,000 cubic feet per second, giving a difference of itnly 13,000 cubic feet, which may 

be accounted for by rain-water draining from the basin. This accordance leaves no 

doubt as to the exactness of the computations. 

Wfdfh of crevasses. — The rate at which a crevasse increases in width depends upon 

so many fortuitous circumstances, that it is, in the nature of the case. 
General rule for . .", , ,, , .. 1 ' r n oi»»i 

determining the impossible In Iraine any ride of universal application. Mill, as some 

width of approximation to this constantly varying quantity must he attempted 

in computing the daily amount of water taken from the river by the 

different crevasses, the subject has received attention. Tlie following list exhibits the 

only known series of accurately determined widths of the same crevasse at different 

dates. Although much shorter than could he desired, it will be seen that it includes 

both great and small crevasses. 
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Obfflfctta. 


Dnt.' 4in>r«king. 


WMtll. 


Wiiltli. Width. 


\\ hi.. 


Date. 


Yeet. 


Otic. 


F-'(, 


tint... 


Feet. 


ttatot 


Fwt. 


Tift Rranche... 
Honour C»rr(L 


MimvIi IB, '61 
May ft, "58 

April 11- 68 
April lit. u'.l 


March 22 

May 11 
April 17 
April 20 


1111 

75 
125 

150 


Marcli 21) 
May 1.1 
A pril 211 
Juoo 1 


180 

180 

IT.'. 
27110 


April Hi 
June ;) 

May IS 
June 21! 


850 

3117 

837 
3T0U 


About Aug. 27 
About Aug. 29 
July 27 


1 050 
781 

■limit 

1 



When those measurements are plotted in the form of curves, several curious results 
are apparent. First, the rate of increase of the CaRlanne, La Branch*, and Bel! 
crevasses is nearly the same, although the two latter, especially the Bell crevasse, exca- 
vated deep holes, while the Cardan ne crevasse abraded the surface but little. Second, 
the Bonnet Carre crevasse of 1S09 increased in width seven or eight times as rapidly 
as the others, a result probably due to the fact that the soil of which the levee was 
made contained much sand. Third, the law of increase in width winch might be 
anticipated is apparent in all the crevasses. It is that, when the break is first made, it 
increases rapidly until a considerable width, say about 100 feet, is attained. Afterward 
the width increases at a uniform but slower rate, until the river has fallen considerably 
below high water mark, Doubtless, if the river were to fall very gradually, the caving 
of the levee wotdd partially cease before the water returned to its banks, but it almost 
always happens that, after the iirst two or three feet of fall, which do not seem to aftect 
the caving much, the river subsides very rapidly. 

The last-named result of the study of these observations is important, as it affords 
a rule for approximating to the width of a crevasse whose date of breaking and maxi- 
mum width are known, facts which can generally be ascertained. For simplicity of 
statement, the rule may l>e put in the form of an equation whose second member shall 
consist of two terms; the first being the width of the crevasse for each of the first five 
days of Hew (assumed uniformly at 100 feet), and the second the product of the num- 
ber of subsequent days by the mean rate of increase after that time. This equa- 
tion is — 

(14) W 100 4 (»-*)( £— 5 ). 

in which W represents the width on any desired day; W„ the width after the water 
has ceased to flow; >'■ the number of days of discharge which have preceded the given 
day; and N, the total number of days «.f discharge. When n ifi less than 4, the width 
is uniformly assumed at LOO feet, us a snffioientty close approximation. 

Synopsis of manner >/ computing oremm <n«,-h,inn-*.—To prevent all ambiguity, a 
brief" synopsis of the manner of computing the diseharge of a crevasse &tftffa 

for a given day will be presented. Knowing, from the measurements of &eneral me . 
made after the cessation of the How, the high-water depth of the given thod of comput- 
cre^aase,— estimated on the line of levee, if no material excavation was ^ r a ™ e 
made there, and on the batture in front of the levee, if holes were dug 
on the line of the break, — the depth on the given day was found by subtracting for this 
high-water depth the stand of the river below high-water mark, a quantity which was 
always known either from local information or from a comparison of the nearest river- 
'.rnu'res. Entering the table on page 275 with this depth, the velocity of the crevasse 
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wn.H found. Knowing the date of breaking, and of ceasing to flow, from exact in- 
formation, and the maximum width from measurement^ the width on the day in 
question was computed by the expression just given. The product of this width by the 
depth multiplied into the velocity gives the required discharge per second. The whole 
operation can be represented by a formula, — equation (15) being used if 1) exceeds .'J 
feet, and equation (16), if it, is less than -1 feet. 

(15) Q (1<J0 + («^4)(%^P))D(10-J). 

(16) Q (lOO + (« - 4) C\~_T )) D ( 2 ' S1S ***)■ 

This process was applied to all the crevasses below the mouth of Red river, whose 

discharges are estimated in this report. In discussing the Hood of 1N58 
Exception to the • ,i • . .i ■ n n i 

general rule m " 1C S reil '- region above tbe moutn ol lied river, as yet compara- 

tively uncultivated, a coefficient of correct ion was evidently required, 
since the conditions governing the flow of the water where these formulas were deduced 
were materially modified in that region. In many eases, the levee was so far distant from 
the river that the depth at the edge of the natural bank was much less than that at the 
base of the levee, a cause which diminished the actual discharge, although not allowed 
for by the formula. Oftentimes, trees, a dense growth of saplings, or other obstacles to 
the free How of the water, existed in front or in rear of tbe break, and greatly reduced 
tlte discharge. The reported depth of tbe crevasses generally included whatever exca- 
vation existed on the line of levee, and thus both the velocity and the area of cross-sec- 
tion were unduly increased. Add to these sources of error l lie natural exaggeration which 
must exist in much of tbe information upon which the calculations are based, and we are 
prepared to hud a much too large result for the discharge of the crevasses in ibis part of 
the Mississippi valley. The next point to be considered, then, is a method for deducing 
a practical coefficient of correction for general applications of the formula to crevasses 
iu this upper part of the river. 

Goe§icieni OJ cornet inn fur exception^/ mm if m . m.w.-,-, — Tbe daily measurements 
Outline of pro- of tllc <liw ' ,lfl, n« of the river and its main tributaries, the tolerably 
cess for deter- exact information relative to all the crevasses wbicb discharged into the 
Sufficient Yl,iW0 Uutu>m > b*« determination of the amount of water actually in this 
of correction for swamp at the date of high water in 1858, and the .Smithsonian records of 
this exceptional rain-gauges, received from Professor Henry, render it possible to deter- 
mine this coefficient with considerable accuracy. 
It has been seen (hat the area of the Yazoo bottom liable to be submerged is 6800 
square miles; that, on December 1, 1857, this area was dry; that, at high water in 1868 
(July 15), this area was submerged to a mean depth of 3.08 feet, and consequently, that 
this reservoir received between those dates 6800 ■< t-VJS(i, J x :j.nX = os:t,sN5.:ii>!UiOf) 
cubic feet of water more than was discharged by the channel of Yazoo river, its sole 
outlet. The total discharge of this outlet, from December 1 to July 1 1 inclusive, was 
— by the measurements of this Survey — 1,408,665,600,000 cubic feet. Assuming, 
then, in order to be on the sate side, that all the Water in the swamp on duly 
15 eventually found its way into the Mississippi. W d have 633,886,209,600 + 
1,408,665,600,000 = 1,902,550,809,600 cubic feet for the total volume of water which, 
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entering the Yazoo basin between the dates considered, eventually passed through it to 
(],,, ■,,,[['. \) u \ filter (.'liters lliis rcMTvoir oiih In divert fall of ruin upon the bottom 
lands and upon the bounding water-shed, and through the Mississippi crevasses. It", 
then, it be possible to determine what amount of rain, falling in the hydrographic basin 
of Yazoo river in the period considered, eventually drained off into the Mississippi 
river it is evident that the total discharge of the crevasses into the bottom, up to the 
date of high water there, may be determined, and the results given by the crevasse 
formula thus bo checked and corrected, by subtracting the amount of this rain-water 
from 1992,550,809,600. The operations of the Survey render this computation pos- 
sible. 

The first step in the process is to determine the total fall of rain in the hydro- 
graphic basin of Yazoo river between December 1, IS 07, and July 15, FaU of rain in 
L858, This quantity is eqaal to the product of the area of the basin Yazoo basin in 
by the depth of downfall in it. The area of the basin (see page 82) period consi- 
is" J : J.H-j(l square miles. The depth of downfall during the. time con- 
sidered is found by taking a mean between the quantity of rain at Memphis and that 
at Jackson, where accurate observations were made by Dr. Mitchell and Mr. Hatch 
respectively, the former observing for the .Smithsonian Institution, and the latter as an 
amateur. The quantity at the two places was 3. ID feet and 4.08 feet respectively, 
giving for the required mean downfall in the basin of the Yazoo river, which lies 
between those two places, 3.04 feet. The total fall of rain in this basin is, then, 
13,850 x (5280) s * 3.04 = 1,405,401,057,601) cubic feet. 

The next point for consideration is what proportion of this eventually drains off into 
tin- Mississippi river. This question of the ratio between downfall and Kfttio between 
drainage, which has already been treated in a general manner in Chap- rain and drain- 
ter II. has been much discussed by engineers charged with constructing £j>V n Y ^ TAl 
various civil works, such as canals, reservoirs for water-works, etc.; and views upon the 
many direct observations and measurements have been made to solve BUl} J ect 
the problem. It has been satisfactorily shown that the ratio is very variable, depend- 
in <r upon the local conditions which govern the amount of evaporation and infiltration. 
The following table exhibits the results of many measurements, and establishes the fact 
lliat. in certain localities, by far the gi eater part of the rain-water passes away in the 
channels of the draining streams. It bas been mainly taken from a pamphlet by Mr. Mor- 
ris upon the improvement of the Ohio river, but is slightly corrected in a few instances 
by reference to the English authorities. 
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Eaiio between downfall and drainage. 



Ux/Aity. 



Hann reservoirs. 

( ! reenoek 

\Uiit' 

Belmont, is *;:.... 
1SH... 

ISI-"i... 
IM6„. 

Mivington pike... 



A slit an 

Paisley water- works.. 
Glasgow " 
Greenock. 

Peak Forest Summit. 

Li.tifinnilale ..... 

Schuylkill Nnv. lies. . 

Katun hmnk 

Mii'limm hrnok 

Patroon's Week 



CUarnctrar ef tmsla 



Mi'inrlimlt. 
Fin I lunar. 
Low country. 
Moo flu n>l. 



Long f*itnJ 

Wtm Foik Ret) 

Entire Mississippi milley 

Oliio anil Upper Miss, valleys. 
Mo., Ark., and Wliite-riv. vul's 
Red-river valley 



DmfMge 



Ij ! AllllUMl 

dawnfull. drainage. 



S'/. mitt*. 

6,15 

7-KS 
T.H*I 

2«1 
£.81 

2 81 

■J.K1 

16.26 

10.215 

sja 

8.18 
0.«g 



Sec Chapter I. I.'JU.iiimi in 
;is:t.iiinuit» 
7t>7, Milium 
87,000.0*1 



tnthet. 

?i 

60 
4'y 

>;■: 
BO 
6S 
;„i 
r,;, 
01 

40 

is 

M 

M 

M 

<;.-. 

88 

B0 

:w, 

84 

80 

4<1 

12 

10 

88 

80 | 

80— 

28 ■ 

::■■ 



Tneht*. 
48 

H 

I'I 

-M 
33 
([ 
83 
21 
40 

I! 
: I 

19 

80 
80 

43 
U 
40 

18 

as 

28 

1H 

18 

If 



8—! 
8+| 



l;. .ii. of 
Juwndill 

'Ut'l 

limiting*. 



0.0? 

ii r,s 

G.88 

(LSI 
O.flO 
0.76 
O.ftfl 
ii.ll 
0.03 
0.80 
o.ki 
l».4tl 
H.I-.7 
0.80 

a«a 

0.78 
0.07 

0.68 
0.61 
0,68 
0.48 
D.45 
0.8S 
0.86 
ii.J-1 
it I'i 

M.'JO 



Atith.irlty. 



Beard more and Hughes. 



Bughos. 

^ (Tui-lou and 
11 ( Entwistle). 

Stirott, 

0. K. nod A. Journal. 

SlilTnlt. 

Uomi'rshnin. 
Uali-man. 
Morris and Smith, 
Me Alpine. 



Il'i.-iiin IVnlert'oruniissioncrs. 

KolnTtS. 

Mississippi Delta Stivvry. 



From this table it appears that, when the basin is well protected against evaporation 
and infiltration, some 0.8 or 0.9 of the total downfall may fie earned off by its streams. 
It would he difficult to find a region better guarded against these causes of loss than the 
Yazoo basin. The hilly border of the swamp lands is narrow, and abrupt in slope. 
The rain which falls upon the steep clayey hill-sides runs rapidly to the channels of the 
streams, and is by them discharged into the <_>reat swamp reservoir, and thus added to the 
volume resulting from direct downfall there This swamp region is a flat country, under- 
lain by an impervious clay stratum, and shaded from the evaporating influence of the 
sun's rays by dense foliage. The water is in a cistern, and can only ©scape by the chan- 
nels of the draining bayous into the Yazoo river, and by that into the Mississippi. 

Guided by the preceding table of published observations, we may 

Especial eompu- therefore assume that some 0.X or 0.9 of the total downfall in this region 
tation of the .. . . ... . . . . . . 

ratio between eventually readies trio Mississippi, I his assumption is not, however, 

rain and drain- necessary. The observations of the Survey enable us to meamtw the 
vial region of mean ratio for the bottom lands between Vicksburg ami Cape Girardeau, 

the Mississippi, including the Yazoo, St. Francis, and Kentucky and Tennessee bottoms, 
Outline of the ... ,, . .. . . , , , . . , . . ., , ., 

process, winch are all similar in character, and which doubtless have sensibly the 

same ratio. The process by which this common ratio may be computed 

is as follows : — 

In the low stage of the Mississippi river, the great swamp lands between Cape 

Girardeau and Vicksburg are dry; that is, the bayous curry oil' the rain-water and the 

drainage from the hills as fast as it is received. During floods, however, these regions 

are submerged by water coming partly from the Mississippi river, partly from the 
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streams draining the surrounding water-sheds, and partly from direct rain. If, there- 
fore, fin entire flood, reckoned from one low stage to the following, be considered, the loss 
of water into the swamps by overflow docs not diminish the total discharge of the Mis- 
sissippi at points below them, since the water which enters the swamp during tin? Hood 
is drained out again into the Mississippi when the river falls, llcncc, if the total quan- 
tity of water passing the latitudes of Columbus and of Vicksburg be known for this 
river year, the difference between them, diminished by the discharge of the Arkansas and 
White rivers, and corrected for the difference between the quantity of water in the chan- 
nel of the Mississippi at the end and that at the beginning of the year, will be the true 
drainage from the basins above named. The quotient of this drainage by the total 
downfall, as measured by rain-gauges, will be the mean ratio sought. 

Before proceeding to reduce this process of reasoning to jigures, it will be well to 
explain that, as the discharge of a few crevasses enters into the numerical value of the 
ratio sought, the final expression for it must involve, besides known terms, the as-yet- 
uuknown coefficient of correction for the crevasse formula. Tins causes no difficulty in 
the process already indicated for deducing the numerical value of tins coefficient, since, 
being the only unknown quantity, it matters not in how many terms it appears in the 
equation. In order to simplify the crpfnt/utiwi of the process, however, this algebraic 
work will be avoided by using the corrected crevasse discharges hi deducing the numeri- 
cal value of the downfall and drainage ratio. 

To find the numerical values of the quantities which enter into this _ t .. , 
... P ,, rn. , ■ , i j.i i .- Total "^charge 

ratio is tile next step nt the process, the water which passed the latt- past latitude of 

tudc of Columbus, from December 1, 1857, to November 3(1, 1858, Columbus durmg 

inclusive, was equal to the discharge measured at Columbus, increased 

by the water which passed into the St. Francis bottom through the Cape Girardeau 

inlet, and through the crevasses and gaps between Commerce bluffs and Columbus. 

The discharge at Columbus during the river year was, by exact measurement, 
19,470,858,27 8,000 cubic feet. 

An sicCfitate survey of the Cape Girardeau inlet was made in November, 1858. The 
high land which forms the west bank of the Mississippi river is hero for the first time 
interrupted. The gap is about 3 miles in width, and conducts to the upper part of the 
great St. Francis bottom. At a distance of 2.0 miles from the river bank a macadamized 
road, raised to an average height of about -J 1'eet, has been built across the swamp, form- 
ing a kind of levee. During the high water of ISoS, a portion of the northern part of 
this road. I u,5(m leet in length, was submerged during nineteen days (June 9 lo June 27, 
inclusive). The uigh-wat** depth was ;i.7 feet, but the mean depth for the whole nine- 
teen days was about I. 'J feet less, or 2.6 feet (see Cairo gauge), giving 26,000 square feet 
for the mean sectional area of discharge for the whole time. The velocity of the current 
through this break was estimated by an intelligent gentleman residing in the vicinity at 
about one-third ol' the low-water velocity of the Mississippi river in this part of its course. 
This is equivalent to a velocity of about one foot per second, and is probably excessive, 
since the dense forest on each side of the road must have greatly retarded the flow of 
the water, and the narrow branch of the swamp into which it first spread must have 
soon become choked. To guard against any under-estimate, however, this velocity has 

86 
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been adopted. The total quantity of water which passed through this outlet daring the 
year is then equal to 20.000 x i x 86,400 « 10 = 42,681,000,000 cubic Feet. 

Below this gap, the Commerce binds border the river for a lew mi tea. r-Yom the 
point where they terminate to Columbus, the swuuqis were protected against all hut the 
June*rjae by levees or high natural banks. During this rise, water entered the swamps 
by many small crevasses and by flowing over the tops of tin* leveen. Tlie average high- 
water depth over the natural hank, where these crevasses occurred, was about 5 feet. 

The discharge through them hegan about .lime 0, and continued ibr some twenty days, 
(.Sec Cairo gauge. ) From Mr. Smith's rcconnoisaance, from the observations of Mr. Fill©- 
brown's party and from definite information obtained from well-informed residents, it is 
concluded that these numerous breaks mftj be assimilated to a. single crevasse, 1000 feet 
wide on -Tune 0, and 10,600 on June 28, with a daily depth given by the Cairo gauge, 
and a velocity given by the corrected crevasse formula. This gives a total discharge, 
during the twenty days, of 70*367,040,000 cubic feet As this quantity is sufbeieut to 
Hood the whole New Madrid swamp, into which it entered, In a mean depth of over 
3 feet, and as the actual mean depth in this receptacle, including rain-water and the 
discharge of alt the numerous crevasses below Columbus, was estimated by old residents 
at only about 6 feet, it is believed that this amount cannot differ materially from the 
truth. At any rate, no error can exist large enough to affect sensibly the final result 
of the computation. 

The total quantity of water which passed the latitude of Columbus from Decem- 
ber 1, 1857, to November 5*0, 18&S, inclusive, was, therefore, 19,470,858,278,000 + 
42^681,600,000 + 70,307,040,000= 10,585,006,918,000 cubic feet 
Total d' eh ^ e nex * B * e P [s * u am,1 ' ,am how much passed the latitude of Vieks- 

paat latitude of burg during the year. This quantity is equal to llie discharge at 
Vicksburg dur- Vicksburg. corrected for the difference between the quantity of water 
in the channel at the beginning and that at the end of the year, plus 
the amount which escaped through crevasses below Napoleon and (lowed through the 
swamps west of Vicksburg. 

The water whieh passed Columbus during the year from December I, 1S57, to 
November 30, 1808, inclusive, passed Vicksburg during the year from December 10, 
18'j7, to December 9, 1858, inclusive; since (lie mean rate of movement at the low 
stage is about 3 miles per hour, and the distance 1 between these two places is 589 miles. 
The total discharge at Vieksburg from December 10, L857, to December 9, 1858, inclu- 
sive, is, therefore, what is required by the problem. The exact discharge at Vicksburg 
from January I to February 18, 1858, inclusive, results from the measurements at 
Natchez; the discharge from February 19 to December 0, 1858, inclusive, from the 

measurements at Vicksburg, The discharge from December 10 to December 31, 1807, 

inclusive, was not directly measured; hut. since (he river was within banks, it can be 
quite accurately estimated by adding to the measured discharge at Columbus from 
December 1 to December 22, is^T, inclusive, the contributions it received from the 
successive tributaries on its way to Vicksburg. and did net lug the amount, which re- 
mained in the channel to produce the rise that took place in this period. The dis- 

* A very little water entered at tin: top ef ike April rise, llirnuyli | few small breaks, but It was »n small a quantity 
that it need nut be estimated. 
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charge at Columbus from December 1 to December 22, inclusive, was 1,3-16,215,680,000 
Cubic feet. Full information was obtained respecting tbe state of the tributaries, and 
all needful measurements wwa made. The St. Frauds and White rivers were backed 
ap, and contributed nothing. TUe Arkansas added alx>ut 95,817,600,000 cubic feet, 
and the Yazoo about 7o, 1 80,800.000 cubic feet. In the 589 miles of river channel 
between Columbus and Vicksburg', the records of the Survey show a mean rise of about 
I S feet in the twenty-twe days. The mean width of the river in this distance is 4300 feet. 
There remained therefore in the channel 589 * 5280 x 4300 x 18 = 240,707,308,000 

cubic feet of water. The total discharge for the twenty-two required days at Vick.shurg 
was then 1,346,215,680,000 + 95.817,000,000 + 73,180,800,000 - 240,707,808,000 = 
t 274,506,472,000 cubic feet Hence we have for the total discharge at Vicksburg 
during tbe rear the following value: — 

n " CoWcfML 

Plsotmrge Decwfttef 10-81, I85T, tttuufmed tttfia Columbus l,27-l,-iuij,-172,<iriij 

Uisulmi-^-' J»nuwy J i" f«1sra<u*f f$, I&18, trntnaferaad from Naicbw 4,48t^8l&,li&l,80n 

Discharge Pfebrumy 1'.' u> Deoemb« '.'. 186B, mmmiped »i Vicksburg 20,2S7,C98, 240,000 

Pisdutrge »< \ f.-k^imr^, Deceral.or. in, 1A57, iu Deuedvbw, V, 1858 25,!HKM)2t),264,OQ0 

The total quantity of water wLich escaped through crevasses between Napoleon 
and Vicksburg on the right bank was 296,092,800,000 cubic feet. 

Hence the total quantity of water which passed the latitude of Vidkflburg from 
December 10, 1857, to December 9, I858 ; was 25,998,020,204,000 + 290,002,800,001) = 
20,294,113,064,000 cubic feel 

The total measured discharge of the Arkansas and White rivers, during the year 
considered, which, for Napoleon, extended from December 7, 1857, to 
December • i. 1858, inclusive, was 2,935,080,388,800 cubic feet. Of this, Arkansas and 
597 4 56,000, W0 cubic feet — the amount which, according to the White rivers 
measurements of the Survey, escaped from the Mississippi river into the 
White-river swamps — was no part of the real discharge of the Arkansas and Wldtc 
rivers. This real discharge was, therefore, 2,935,089,388,800 — 597,456,000,000 = 
2,337,633,888,800 cubic feet, 

There is yet to be determined the difference in the amount of water in the chan- 
nel of the river between Columbus and Vicksburg, im the first and last „ , . . 
miul tl "- * , , , , . , ,, Channel drain- 

days of the year, lhe records show that the river was lower at the age between 

end of ihi.s ncriod than at the beginning by a mean difference of 0.8 beginning and 

,. , i i xt- ii ii ■ 1 end ol tne year, 

feet. The mean width between Columbus and Vicksburg at this low 

stage is 8300 feet, The water which passed Vicksburg from the draining of tbe 

chaanel wm Hien S8Q x 5280 * 3300 x (5.8 = 69,780,004,800 cubic feet. ^^ draina&e 

The total drainage for the yeur from the Yazoo, St. Francis, during the year 

Tennessee and Kentucky bottom lands, exclusive of the crevasse ^^Jf 8 *™' 

W oter results from the numbers just deduced, by the following process:— 

Cuhic fttt 

Wftier»MMAg I'"" 1 - - r Netartang • ■ 26,204,118.064.600 

(VolM psuiai (• Ol < .lurnliu* 1U,583,9IIH,!MH,<MK) 

DVffrxo ■ ■■■■ ■ — ■■ 6,710,2O(U40.0OO 

n,.,!,,,.. di bi ■-■ a. ^^ ■>■«•') . while rivi-.r- a,887,«8S,888,eea 

4,372,57:2,757,200 
Dodad ft>r channel ilraiimg* •-. •■•■-■■ ■— 69,788, 604,800 

Haiti tlfulnngf fr<im iln- basing 4,802,786,152,400 
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The next point to determine is the area of the bottom lands in question and of their 
Area of the water-sheds. The extent of the Yazoo basin has been already given, 

basim con- That of the St. Francis basin and of (lit! Tennessee and Kentucky 

entered. basin, which includes the region lying between Memphis and Cairo, 

and draining directly into the Mississippi by various small streams, has been computed 
with great care from the best maps extant, as explained in Chapter I. The determina- 
tion is believed to be accurate. 

Ifynra mU(m 

Yfi/.no bottom.... , 7,1 U) 

Yazoo w;i le r-shtd 6,740 

St. Francis bottom 8,900 

St. Francis water-shed ', - .'i,iiw 

Tennessee find Kontticttj bottutn knds 780 

TemiuEHee and Kentucky water-shed ......... .;..... {>,JiiMt 

Tolul......... :U,'M« 

Mean fall of rain The mean fall of rain in this region, during the year considered, must 

ia'^Sim" mnv bo detenninetL With the exception of the record at Jackson, by 
considered. Mr. 1 hitch, the only available data are those furnished by the Smith- 

sonian Institution. By these records it appears that the total precipita- 
tion from December, 1857, to November, 1858, inclusive, was — 

At New Htiintony, Indiana „ g \>2 

At West Salem, Illinois 4.1*2 

At St. Louis, Missouri.,.. fi.lK 

Mcun = downfall at heiid of region 4.38 

At Memphis s= downfall at middle or KgJoD £.43 

At Jackson = downfall 0.1 foot of region -I,'''! 

Mean am mean downfall in region considered....... -l.iil) 

The total downfall in the basins of the Yazoo and St. Francis rivers and in the Ten- 
nessee and Kentucky bottom lands and their water-sheds, during the year considered, 
was, therefore, 84,600 * (52S0) 2 * 4.6=4,437,126,144,000 cubic feet. 

For the desired ratio between the downfall and drainage, Wfi have, therefore, 

4,302,7 S«, 152,400 n Afl „, . . - „ ,, ,, . ( . 

Deduced ratio 4 m 12fi U4 000 = say 0.0 G. 1 his value fully confirms the inference 

between down* ' 

fall and drainage drawn from the preceding table of published results. From the vast 

in the alluvial extent of the region considered, and from the grand seale on which the 
Mississippi observations were conducted, absolute exactness of determination can 

hardly Ite claimed ; but the result, that nearly the whole of the great 
downfall in the basins below the month of the Ohio eventually passes into the Missis- 
sippi, cannot be questioned. The practical importance of this new proposition will be 
discussed elsewhere. Here it is a subordinate matter. 

The value for this ratio having been deduced, the computation of the practical 
coefficient of the crevasse formula' may he resumed from page 279. 

^artic1uJtf- 0f The t0tal fttmumt of ™" Which fell in" the basin of the Yazoo river 
ficient for exeep- between December 1. IS;} 7, ami July 15, 1858, was there shown to 
tionalcasein be 1,405,4 <U,u07,f>OO cubic feet, (if this amount, ninety-six bun- 
vasse formula. <-bedths, or 1,349,248,191,300 euhie feet, eventually drained off into 
the Mississippi. The difference between the latter quantity and 
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1 902,550,809,000 (the total water which, entering the Yazoo basin between the dates 
considered, eventually drained off into the Mississippi) is 64 3,307,01 8,3 00 cubic feet. 
Tli is is the total amount of overflow from the Mississippi river into the Yazoo basin up 
to July 15, the date of high water in the swamp. This quantity, as computed by the 
uncorrected crevasse formula, is 1,758,153,000,000 cubic feet. The desired coefficient 
of correction for the formula is, therefore — 

643,307,fil 8,300 l 

1,768,153,600^)00 ~ Sa ^ 3 ' 

This closes the subject. It was shown at the outset, from considerations there 
adduced, that when the crevasse formula, deduced from observations in the open, culti- 
vated region of lower Louisiana, where all the conditions were accurately ascertained, 
was applied to the comparatively unsettled country above the mouth of Red river, a very 
material reduction in the computed discbarge would be required. The measurements of 
the Survey confirmed the inference ; for, at the date of highest Hood, the crevasse dis- 
charge below Helena, as computed by the uncorrected formula, would of itself have con- 
sumed the whole Columbus discharge, and drained the Mississippi at Vicksburg. The 
above close analysis of the measurements has resulted in a coefficient for practical 
correction. In the discussion of the Hood of 1858, in reference to local high-water 
marks, it will be seen that the measurements reduced by the corrected formula accord 
perfectly with each other and with the Mississippi observations, and bear the severest 
tests, This coeilicient may therefore be relied upon for the kind of crevasse for which 
it has been deduced. 



CHAPTER V. 

EXPERIMENTAL THEORY OF WATER IN MOTION; NEW LAWS, FORMULiE, ETC. 

Laws governing the action of cohesion.— Locos of tin.' maximum velocity in (he moan vertical piano, — Ratios here- 
tofore proposed for ganging rivers, of lint little praclirul utility. — Relation between I lie iiit'siii ufull verticil! curves 
of velocity and the nienn velocity of the river.— The rutin «t tlie mid-depth velocity to the nwuu velocity in any 
vertical plane discovered to lie a sensibly coustiwl quantity, unaffected by wind.— Practical advantages resulting 
from thi.s discovery. — List or new formula* lor vetueities in vertical planes. — A new formula fw the mean vc]n. 
uity bt rivers, in terms of the dimensions of eros.--seel.ion tind slope of water surface, deduced npou the supposi- 
tion of modified uniform nnitom.— Observations to determine its Constanta.— Analysis of this new formula. — 
Formula for the effect of bends in retarding the How of river*. — last of all the old form nine for mean velocity. — 
Table exhibiting their relative accuracy as compared with the new formula.— Doable test of moan-velocity and 
bend formula*.— Problem of the elteet exerted upon the surface lcvi-1 of a riyer by increasing tlie discharge a 
given amount* solved upon the mippi.isit.iuii that tile new slope ta known.— Discussion of changes in local slope. — 
Resulting general equations.— Combined test of all the new formula; for computing the increased height to be 
apprehended in the (foods, of the. Mississippi, the increase in discharge being known. — Concluding remarks. 

When, in the hist chapter, the subject of change of velocity below the surface was 

discussed, the especial object of dedueina a ratio between the surface 
The scisiicc oi 
river hyrlrau- tU) d l ' ie mean velocities of tlie entire vertical CUTVe in any given plane 

lies to be fully ;v;ls kept steadily in view, and no general n.se was made of the princi- 
ples deduced. It is now proposed to consider the subject more fully, 
and to endeavor by the aid of these new principles to simplify the different met hoi Is of 
gauging- rivers. For the signification of the symbols employed, reference should Ite 
made to page 200. 

APPLICATION Or" THE NEW LAWS TO THE GAUGING OF RIVERS liV MEASUREMENT. 

X a- ' ,>■/<> rim' ittnl thfurif fur i-h<tiitj> <>/ I'rliu-ilif l»!nir tin' siu-fur,-. — Tln> observations 
already detailed prove that even in a perfectly calm day there is a strong 
the action of resistance to the motion of the water at the surface us well as at the 
the force of bottom, and — as will soon be seen — that it is not wholly or even mainly 

caused by friction against the air, One important cause of this resist- 
ance is believed to be the loss of living force, arising from upward currents or transmitted 
motion occasioned by irregularities at the bottom. This loss is greater at the surface than 
near it. The experiment of transmitted motion through a series of ivory balls illustrates 
this effect. It is likewise illustrated on a lance scale bv the collision of two trains of 
cars on a mil way, in which case it litis been observed that, the COTS at the head of the 
train are the most injured and thrown the farthest from the track; those at the end of 
(888) 
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the train are next in order of injury and disturbance; while those in the middle, of the 
train ore hut little injured or disturbed. Other causes may and probably do exist, but 
their investigation has, fortunately, mure of scientific interest than practical value. For 
all general purposes, it may be assumed that there is a resistance at the surface, of the 
same order or nature as that which exists at tlie bottom, As the distance from the loci 
iif these two resistances is increased, their eflect, propagated by the cohesion of the 
different particles Of water to each other, is diminished. Where these diminished resist- 
ances become equal, the current acquires its maximum velocity. Let this point in any 
Vertical plane parallel to the current be considered the vertex of a parabola whose axis 
is parallel to the water surface, and the velocity at any depth in this plane will be given 
by the abscissa of the curve, the axis of the curve being considered the axis of X, and 
the origin of co-ordinates being taken at a distance from the vertex equal to the maxi- 
mum velocity. The parameter of tins curve, or in other words its curvature, varies 
with a known function of the depth and mean velocity of the river, '('be depth of the axis 
varies in direr! proportion to the force of the wind, increasing for up-stream, and dimin- 
ishiu"' lor down-stream breezes, but without producing any effect upon the form of the 
curve. The mean and maximum velocities of the curve are so related to each other 
that when either, witli the depth of the axis, is known, the other and the curve itself 
may be determined, it may be added, that (lie difference between the greatest and 
least velocities is always a very small fraction of the mean of the curve. 

To illustrate tins experimental theory, figures 17 and IS, plate XI, have been pre- 

nored. The former represents the mean sub-surface curves at Columbus 

.1 v i ,i ci l c Diagrams to il- 

iti calm weather, corresponding to those near the surface shown by figure lllst | ate this law. 

!!l of the same plate, The change of form due to tlie combined influ- 
ence of variations in mean velocity and depth in passing from low to high water, and 
tlie relations existing between the velocity measured at a point i) feet below the surface 
and the rest of the curve, are both represented by this diagram. Figure 18 illustrates 
the extreme efFecl of wind upon the high-water curve at Columbus, when velocity obser- 
vations wen- practicable, its. wben I be wind was blowing up stream with force 4 and 
down stream with force 1. respectively; The extreme variation produced in surface 
velocity is evidently about 0,6 of a foot 

The above experimental theory suggests reasons why the problem has heretofore 
defied nil efforts for its solution* and why its study has given rise to j t reveals the 
such incongruous results. Besides the great difficulty of taking the difficulties of its 

, * . , ,.«. own discovery, 

observations with sufficient nicety to detect the very slight eJinercuce 

of velocity at the different depths,' there is a second cause of failure, namely, an almost 

constant relative change of velocity at the uiileront depths. The axis can rarely be at 

rest; rw\-y varying breeze, however gentle, must affect its delicate adjustment, while the 

stronger pulsations of a high wind must produce an oscillatory movement even greater 

than that in the tops of the tallest trees. Different lloats, therefore, although they may 

pass <>l (he Mint depths fehw the mtrfac8, may yet pass at very Uifferent disianeea from the 

axis and thus measure the velocity at very di Heron t points of the curve. This idea may 

explain in part a phenomenon noticed by the observers, and recorded in the note-books of 

the Survey iw a pulse in the river, owing to which there seemed to be a regular increase 

and then decrease in the velocity of different lloats observed consecutively at the same 
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depth.* Bat there are other sources of variation in the velocity. The eddies to be 
found in every reach *of the river change their magnitude and position at each instant, 
ami must produce corresponding oscillations in the velocity of the river at any given 
point. Wind magnifies the pulsations of the eddies, and thus produces a double effect 
upon lln.; variation in the velocity of the given point. As an instance of the force thus 
exerted by the wind, it may be mentioned that a southeast storm ereated an eddy just 
above Hod-river landing, more than half amSle in length, with a width nearly half t lint 
of the river, and with an up-stream current exceeding 7 miles per hour.f It is mani- 
fest from these considerations, that no certainty of deducing the law experimentally can 
be had without taking a vast number of exceedingly accurate observations, and even 
then it. seems remarkable that great discrepancies should not remain uneliminated. 
This variation of axis may also account for the different forms heretofore assigned 
to the curve. If the observations be taken when an up-stream wind 

It suggests a forces the axis nearly to the mid depth, the observer may well mistake 
common cause . .. ,,. r „ , - i • ti ■ i 

for the different tllt> curve tor an ellipse. If a down-stream wnul raises the axis above 

erroneous tiieo- the surface, the curve closely approximates to a right line. If the axis 
promulgated!' 8 ' je at tne Slir f ace ! a slightly defective set of observations may cause it to 
resemble a broken right line; or this accidental circumstance maybe 
assumed to be R general law, and the curve considered to be a parabola or hyperbola 
whose axis is always at the surface. All these lorms have been assigned to the curve 
by di fit-rent observers. 

The preceding general remarks apply to the velocity below the surface in any verti- 
Disoussion of the c ' 11 ' 1'bme in any part of the river cross-section, It is bow proposed to 
locus of the max- consider the grand mean of all such curves. An algebraic expres- 

i3w7uial ity ° f * imi for tlle I" ,siti(m ut ' t,R1 :lKis,il ' tflis ■**»« ®*Tve has been already 
curves. deduced and explained, but it will require some further notice here. 

It. is— 

(8) >l, = (0.317 + 0.06/) t, 

in which/ is the number denoting the force of the wind, a calm being represented by 
(I, and a hurricane by 10. Its essential sijjn is negative for a down-stream, and posi- 
tive for an up-stream wind. It is evident from the formula, that a hurricane will de- 
press the axis to a position only one-tenth of the depth above the bottom, if blowing 
up stream, and raise it to a position three-tenths of the depth above the surface, if 
blowing down stream. ' Also, that a down-stream wind, force 0, will place the axis very 
near the surface. As wind, force 1, is generally considered to move at a rate about 



* ]|. may also account in part for the oscillations of "sawyefi," (H the w igfl which arc lightly secured by one, cud 
to the bottom am called. These logs, even at points for removed from any eddy, an- e.nnstsuilly raiding their upper 

ends uImiw tin; water xur face ami then subsiding entirely out of sj>.'ht below it. If the maximum fotroe of U urrent 

ie .successively applied to Delate ai different disbtnecs from the bottom, us would bo tin- case should the ux\x change 
ilM position, tin* phenomenon, which ia otherwise sufficientlj perplexing, maj be readilj espial 1. 

t The snail diagram mi plate XII. which indicates the normal etfect of a bend upon the local form of t,resfr«cc- 
tion, slso shows tin changes of direction thitt oocw in the surface and bottom entreats, bloats were placed in tin? 

river in juxtaposition, on section 6ft ■ ai the inrface, the othci si tin- bottom. Nl'w lloats were put iti the m,T 

on section 80, and again between tactions 9d and vi. TJw ptUii ,.f thftun (loan indicate ilea the surface and bottom 
currents which correspond above a bead separata widely in pasting ii, bn( resume their original relative positions ut 
the termination of I be next bund, if the, two Ijcud.s are of eipi.il cmv.it me 
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equal to the average velocity of the current, it is evident that the effect of friction 
against the air in calm weather depresses the axis 0.06 r, leaving (0.317 — 0.06) r = 
(1.2-37 /• for the effect of other causes in placing the mean calm position of the axis 
below the surface, Whether these causes ftre common to, and have equal weight upon, 
all streams, cannot bo decided from any existing data; hut the fact that exact observa- 
tions during calm weather — like those of IJodcau, those upon the Little-Falls feeder, 
etc. — place the maximum velocity considerably below the surface, appears to indicate 
that this is the case. 

But one other remark about d, seems required, ft is in reference to the two distinct 
values deduced from the experiments fur the coefficient of/, when /is unity. The first 
of these values was deduced by comparing the observed depths of axis of the different 
curves of sub-surface observations, and cotnputiug the mean wind-correction which 
would best eliminate the irregularities due to this cause. The value thus found, when 
y = j W;IS (i.M '). The second value of this coefficient was deduced by computing how 
much the axis of the mean vertical curve must move from its calm position in order to 
affect the computed discharge by the amount of the empirical correction for eliminating 
wind-effect, taken from the plotted curve of discharge. By this process, the mean co- 
efficient for force 1 was found to he 0*000. It should be reuieinhered that there is uncer- 
tainty in the determination of the force of the wind, that the two values were deduced 
by entirely different processes from entirely different sets of observations, and that the 
values are not directly comparable, since one applies to the mean of the curves in cer- 
tain vertical planes of the river-section, while the other applies to the mean of the 
curves in all these vertical planes. Still, the difference between them has a very slight 
efieot upon the absolute value of '/,. For a depth of 00 feet, which is about that for 
which both corrections were deduced, this difference iu the computed values of d 
amounts to only about 5 feet. For less depths, it is of course proportionally less. 

Dmtwion >}' 'ffu •</>{)'• rent method* >>t use for gauging rwen by partial imasurcments.— 

The ratio which has been most sought for practical use in gauging Analysis of the 

streams is that between the maximum surface and true mean velocities, ^jtwtws 

it being, in general, erroneously assumed that the surface velocity is the p(J3e( j for prac . 

maximum velocity in any vertical plane. The equations deduced by this tical use in 
ni.i.\uiimii j j i * i ; • eauffin? rivers, 

discussion render it easy U> show that even with large streams, where h is s b ° 

a constant, the ratios " and |L , and even -L and * vary with so many different 

quantities as to he of no practical utility when great accuracy is desired,— a result which 
might almost have been anticipated from the great difference in the numerical values 
deduced by different engineers. 

Confining the attention first to the vertical plane containing the maximum surface 
velocilv the expressions for the surface and true maximum velocities 
derived from equation (2) are as follows: — mum to mean 

> \i MY" velocity of rivers 

(17) „T.. — „•} ■(, — M 1 - 1 850 '\) : \ l,/ ■ is too variable to 

be of practical 

(18) ^ = ..V I . + l'U8:. u ^(l-gj. 

Since fhese two equations involve three variables, „,V„ , U ,V, U and ,„V D , no general 
numerical values can he deduced for the ratios in question; but it is evident that they 

37 
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must vary with the mean velocity, the depth of the stream and the depth of the axis. 
In other words, nit numerical values of general applicability, as proposed by many 
hydraulic engineers, can exist. Moreover, the simple formulae proposed hy Dubuat, tie 

V 

Prony, and Young, for the ratio -&■ ure evidently erroneous, as has been suspected hy 

engineers, since they do not contain these variables. Indeed, it is now manifest that no 
reliable formula can Ik? derived (or either of these ratios until the laws connecting the 
velocity in consecutive vertical planes parallel to the Current be known. 

To show how great are the practical variations to Which this maximum surface and 
true mean velocity ratio is liable, the following table has been constructed from the 
measurements of the Survey detailed in the Appendices j assuming, for the Mississippi 
observations, that the velocity measured ■> feet below the surface is in effect the same as 
that at the surface. The ratios are computed by dividing the corrected grand-mean 
velocity on all the days on which & varied between the limits indicated in the first 
column by the maximum velocity of the corresponding mean curve of velocities near the 
surface. I*W single days the ratios varied still more, as should be expected. 

Rutin between true mean and maximum surface veiooities. 



Mt'An V.']'- in k.f ntrvlJJIJ. 



WatfatSppl rfvrr at 



I'nl i mi- 
ll us. 



lmi'g. 



Ftft. 

i. ii to i.e.. 0.i 

2.0 hi 12.'.< ll.' 

8.0 to W ' 0.7:13 

l,e io •!.!* | 0.753 

fi.lMo .111 ... 11.7-Sn 



9.. 



6.0 io 6 

7.0 io 7.H 

8,0 to S.'.t 

Mi.'uii j early curve.. 



ii SflG 
0.814 

1 1.787 



n.7-"iii 
0.770 
0.821 

1 1. sir, 

0,84 1 



0.823 



S.itilii/ 



0.70!) 



0.700 



0.770 

ii.sii:! 





- 


ll 


ij 


I* 


5. " 




tj 730 


II. vi,', 





| 






- 






,.,■.,,, ft! 

ii.i.m. ii, sag a 753 



jlV.763 
I null (1.821 
0.848 




Ettving thus shown Mint the lmmiriuul value of tlio ratios ., and y cannot Ik? 

Algebraic rela- computed, the next step, as already stated, is to show the same to be 
tion between the ,. ,, ,, ., ,. . . ,, .. , , 

mean of all ver- poetically true lur the corresponding points in the mean vertical plane. 

tical curves of To do this, it is necessary to establish algebraic relations between \J M 

velocity and the j w l>Ich can evidently be done, since these quantities vary onlv 
mean velocity of , J , ' J v 

the river must witli each other for the same cross-sect am. 

be investigated Assuming the general equation EL = f M, it is evident that a (>) can 

in order to con- . . T v ' 

tinue the dis- contain no absolute term, since, when >■ is zero, U,„ is also zero. Moreover, 

cuasion, f or a rectangular cross-section U„ is etpial to >\ and f (r) must reduce 

tor. The only direct data available for determining an expression for <? (>), which, 

besides fulfilling these conditions, shall accord with actual observations, are the values 

of U,„ and » corresponding to the Columbus and Vicksburg mean carves. These values 

are repeated in the following table, the true mean velocity, or r, being deduced from the 

approximate mean velocity by multiplying it hy the proper ratio taken from the table 

in the last chapter. A study of the curve firmed by plotting these values respectively 

as abscissa* aud ordinates showed that a simple function of r, of the form A r, would 
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fulfil the desired conditions. In this expression, A is a variable depending upon the 
farm of cross-section, feeing unity when this is rectangular. Its law of change cannot 
be deduced from any observations now available, but its value, which is constant for the 
above-mentioned observations, is 0,93, giving the equation — 

(19) C«== 0.931?, 

The true values of U,„, those given by this equation, and their difi'erenccs are contained 
in the following table : — 



IfOO-tHtji 


V 


. TT* 


by upUtttoll (19). 


DiflL.rpncL 1 . 




1.6328 
2.3875 
8.5927 
l. Nil 
B.2744 
Q :»77ti 
T.85S2 
8.2434 
(U27* 
4.8866 
6.4845 
B.6657 
6.9828 
4.tJltIo 


F.rt, 

I.42SB 
2.0821 
M.2185 
4.M4 1I 
£.8648 
6.0B12 
&.y3S5 
7.7n:;m 
8.2421 
4.0840 
5.2:ni 
fi.4177 
(5.7415 
4.24:llt 


t-Wt. 
1.51K5 
2.2204 

8.8412 

4. mo 
4.',tli.".2 
0.1172 
11.81:11 
7.6654. 
8.2806 
4.tKe) 
5.1 out; 

O.l'.llU 

B.494Q 

4,2929 


— 0.08»6 
—0.1383 

— ft. 1227 
—0.0889 

— 0.0404 

— 0.0660 
4. G.0354 
-l-<i.ii:'.i 

— 0.0385 
i- (UJ.'.l 1 

4-o.iattfi 

4-0.2186 
4- 0.2475 
—0.0499 




.,. , 








71.1280 


«(i.370H 


66.1441 


L48&8 






5.0S02 


4.740S 


4.724(1 


0,1 <M8 



This Blight difierence of only about two per cent, can leave no doubt that the true 

,.vim^inii for D has been deduced. It is also evident that, the law of 

expression km m* ^ For rivers a con- 

change in i is, for rivers, practically unimportant, since the great dtt- stant ratio exists- 
ferences in the form of cross-section at ( Johimbus, Vicksbnrg, and Natchez gjjgj ttte.e 
(see plate X) do not cause a sensible variation. 

Eetuming, after this digression, to the ratios under consideration, the The ratios " 
following VftfueS of V, and U dt are deduced by substituting in equa- afld « bothvar y 
ti 0ns (9 ) ami (11) the valuej of <l t and ll„ for ,!,e mean plane, namely, % 
,1, = (0.317 + (LOG/) ?, and I ,„ - 0.03 P, ami redmung;— practical use. 

(20) U„ = 0.9:; ,- + [i).:;:J3 - (0.317 + 0.06/)] (0.1856 »)«. 

(21) D< - D.03 <■ + [(0.317 + 0.00/)— (0.317 + 0.06/) + 0.333] (0.1856 v)K 
It is evident, from an inspection of tiiese expressions, that £- and £-, although inde- 
pendent of the depth of the river, arc yet functions of the depth of the axis below the 
surface expressed tn decimals of the total depth. In other words, they vary with every 
varying wind, and probably with the degree of smoothness of the bottom, and are there- 
fore oMittle practical utility. Boileau based his practical rule for gauging streams on 
the supposition that - is unchangeable or nearly so. This rule is evidently a theo- 
retical improvement upon those advanced by Dubuat. de Prony, and Young, since one 

'it ,i i „ii, of rbc stream, is thereby eliminated from the correction ratio. It is 
variable, in" m-pui '" Ult ' J . ■ . . , 

also evident that, if he had adopted the plan of observing floats at the surface, the labor 
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of the field work would have been greatly diminished without materially afiecting the 
accuracy of the computed result, since the expressions for the ratios only differ by in- 
volving the first power of -i , and the difference between the first and second powers of 

tins quantity. 

It may then he considered as fully proved by this discussion, that no numerical 
All simule value fur the ratio between B and either „, V (J or w V Hi or U or U,, ( can be 

methods here- established, which will he of practical use when exactness is required. 

tofore proposed Thus far. the new fonnuhe have only served to slum* the inaccuracy 

for gauging , , * . . 

large rivers are of ail previously received simple methods of gauging rivers, and to ex- 
then defective, li i bit more clearly the difficulties to be met in making; such measure- 
ments accurately. It will now be determined whether they furnish the means of over- 
coming these difficulties in a less laborious manner than that used on this Survey. 
New method proposed for gauging rivers by measurement. — If the ratio of the velocity 
at any given point in any given vertical plane to the true mean velocity 

WBotK^impU- " f tlie ™ ver wmItl hv st * mvu to --* l,,mst; uit or nearly so, the greatest 
flcation which simplification of which the subject admits would be made. This result, 
ablv^soneht 011 " however, cannot reasonably he expected in the present state of our 
knowledge, since no general formula* are known, connecting the velo- 
cities in the different vertical planes with each other or with the mean velocity of the 
river. Such formula; must, of necessity, be exceedingly complex, making it improbable 
that any simple relation, of the nature sought, exists. It seems, therefore, that efforts 
should be directed to simplifying the determination of the mean of all the velocities in 
any vertical plane. If the ratio between the velocity at any given depth and the mean 
of the vertical curve is independent of any of the variables in the general formula for 
velocity below the surface, this object may be accomplished. 

Alcebraic anal- ^° tktennine whether this is the ease, let the following general equa- 

ysis of theprob- tions be assumed, the second being deduced from equation (6) by a pro- 
len1, cess similar to that used in deducing equation (11) from equation (7): 

(4) V =V„, -(&..•)'• (^= ''-')*■ 

(22) V,= V. + ( 7„,'.(; + n- J ' ) )- 

By combining these equations and reducing, the following expression results: — 

(WZil. l> — 8tf + 6iZrfA. 

(23) V=Y m +{li>)*{ t - TO ) 

If the expression V w = V M be divided, member by member, by this equation, we have 
for a general equation of the ratio in question — 

Now it is evident that no value can be assigned to it which will reduce the fraction 
in the denominator of the second member to zero, and that the variables (> ; and <•'• 
must therefore remain in the ratio. If, however, d be made 4 D, this fraction reduces 
to ,'j,, and both of the other variables, D and d,, disappear, the equation becoming — 
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2yr, 



(24) 



> ,., 



T«o V,„ + t'j <& »>* 

This equation reveals a fact of great practical importance in gauging rivers, namely, 

thi.it the ratio of the mid-depth velocity to the mean velocity in any ver- T , .- f ., 

tieal plane is independent of the width and depth of the stream, — except mid-depth velo- 

for their almost inappreciable effect upon h. — absolutely independent of cit , y *° tl ? e meaa 

. • a j? i 11 -i ,,, velocity in any 

the depth ot the axis, and, train the small numerical value of , , h ■', nearly vertical plane is 

independent of the mean velocity. But this is not all. From the form sensibly con- 

ti » stitntn 

of the second member of equation (24), it is evident that changes In 

V^, except when it is very small, will not sensibly affect the numerical value of the 
ratio. If, then, for V M , its value in the mean vertical curve, 0.93 v, be substituted, it 

J>3 v 
will be possible to predict from the resulting expression, viz., o.93t» +\ ' T (fti>)'- ' tlie 

absolute numerical value of the ratio for any curve of actual observations, provided 
the corresponding mean velocity of the river be approximately known. 

Neglecting, for the time, its importance in gauging streams, this discovery suggests 
a method bv which the new theory of velocity below the surface can be „ 
subjected to the severest possible test, not only by the observations of the whole theory 
this Survey, but also by all available published experiments, even when furnished by this 
too imperfect to show a parabolic form in the curve. To aid in this lscovei y i 
comparison, the following table has been constructed, containing the values of the above 
expression for the different values of v usual in rivers, the quantity b being assumed 
0.1856. 





1 foot. 


2 feet. 


;: (net. 


•1 fwt. 


o Ceel, 


G fuel. 


7 feet. 


8 feet. 




0.W28 


O.&TM 


U,'J782 


aysn 


II 9830 


0,8845 


(1 9856 


(I.98C6 



The following table exhibits the data for the experimental test of the theory. 
The first live nilumns are given to show the amount of the variation in the quantities 
therein contained. The values of V m and v\„ for the experimental ratios of the sixth 
column, so far as the observations of this Survey are concerned, are taken from 
the paraholm adapted to the curves of observation contained in the tables already 
given, nnd exhibited on figures lf». lo, 14, 12, lo, 7, and (1, plate XI. The reasons 
for this are evident. The observed velocities differ very slightly from the corre- 
sponding points of the parabolas, and the mean of these velocities is always the same 
as that of the corresponding points of the parabolas. Good reasons certainly exist 
for believing that these parabolas give the actual law of the curve. If so, mathe- 
matically corresponding values of V,„ and V',,, can be obtained by the parabolas, while 
by any arbitrary system for the necessary interpolation in finding V M , this correspond- 
ence will not be secured. For the observations of other surveys, this method has 
not been practicable, as the form of the Curve is generally obscured by discrepancies 
of observation. For these, V,„ has been uniformly deduced by taking a mean 
of all the observed' velocities, including that at the bottom, found by rectilinear inter- 
polation, provided the observations were made at equidistant depths. If the depths 
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were variable, the curves have been plotted on a large scale. — the observed velocities 
connected by right lines, — and V„, considered equal to the meah of a series of ten or 
fifteen equidistant velocities, including surface and bottom, taken from the resulting 
curve. The mid-depth velocity, if not directly observed, has been found by interpola- 
ting in the same way. The theoretical values in the hunt column arc computed by the 

expression q-q „ ' - , /t, ' t! y,, ? remembering that, for the Little-Falls feeder and for Boilcau's 

v 
canal, it becomes , t , ■ , (f^\ r / since in these the cross-sect inn is sensibly rectangular. 
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The exceeding!}' slight discrepancies between the theoretical ratios and those 

deduced from the actual observations, shown in the hist column of thia 

observation con- hilile, confirm what the analysis has demonstrated, namely, that the 

firms the truth of ratio of the mid-d -pth velocity to the mean velocity in any vertical 

indSrirfthe l )lane lH P racticail >' independent of the depth and the width of the 

theory by aid of stream, of the mean velocity of the river, of the mean velocity of the 

which it was vortical curve, and of the locus of its maximum velocity. In other 
made. , n , . 

words, it is a sensibly constant quantity for practical purposes, tins 

result, which must now be admitted to be as well demonstrated as most laws ol hydrau- 
lics, is a beautiful example of the value of analysis when applied to natural phenomena. 
The solution of the problem of a constant ratio between an observable velocity and the 
mean of all the velocities in the vertical plane, so long sought in vain by hydraulic 
engineers, results as a simple consequence of transformation and reduction of equations, 
when the relations existing between those velocities are expressed in the language of 
analysis. 

The discovery The constancy of ttiis ratio necessarily implies that the velocity of 

proves that the the mid-depth layer of water in a river is not affected by any changes 
depth iJ lb B o- d " th:lt take l> hu * *" the direction and force of the wind, whatever their 
lately unaffected extent may be, even from a calm to a hurricane, (See figure IS, 
by wind. plate XI.) 

Tins conclusion may be equally derived from a consideration of the observed effects 
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of the wind and the manner in which it acta. An up-stream wind, for The same conoln- 

instance, at first diminishes the velocity at the surface a certain amount, sum reached in 

" , another manner, 

which diminution extends with a constantly decreasing efleet to the 

bottom. During a hrief period, the volume of discharge is diminished and an accumu- 
lation takes place in the tend above. (A corresponding depletion takes place in the bend 
below.) The slope, and therefore the velocity, is thus increased until the original 
volume <>f discharge is restored, since it has been observed that the level of the surface 
In the reach is not appreciably affected by wind. It is to be remarked that the new 
surface velocity cannot be equal to the original surface velocity, for in that case the 
volume of discharge would be increased. As this remains the same, the new slope 
adds as much velocity to the river as the wind consumes, and this effective increase of 
velocity must be greatest at the bottom, since the wind retardation is least there. It 
diminishes in proportion to the distance from the. bottom. The resulting effective 
decrease in velocity is greatest at the surface and diminishes in proportion to the dis- 
tance iVum the surface. As the effective increase of velocity and the effective decrease 
of velocity ftre equal to each other — the one greatest lit the bottom, the other at the 
gurfac* — the velocity of Che mid-depth layer of the (laid mass must remain unaflected. 
This being established, it follows that the mid-depth velocity is independent of the 

nosition of the axis, and therefore is not affected by irregularities of the 

., - i .1 .1 ,. , f . . . Deductions, 

bottom. As it is always greater than tire mean ol the velocities in 

the vertical plane, and as that mean must be less, in rivers of the same dimensions 
and slope, iu proportion as the inequalities of the bed are greater, the ratio of the 
mean and mid-depth will be less in that proportion. Again, as the mean of the velo- 
cities in the vertical plane increases as the depth increases, the ratio of the mean to 
ihe mid-depth must bo greater in large and deep rivers, than in small and shallow 
rivers. These conclusions are supported by the last table. From the nature of this 
ratio it is evident that its variations must be small; their actual extent is exhibited in 
the table just referred to. 

To I hose who are practically familiar with the liability to inaccuracy and 
the lahoriousuess of the methods used lor gauging large rivers, the Field operationa 
discovery of this ratio will seem most valuable. It at oner' suggests for gauging 
several method* of determining with great nicety the mean velocity, jSiJISwi 
and lienoe the discharge, of a river. The field operations will vary based upon the 
according to the accuracy demanded. If the stream he small, and con- discovery. 
SlderaWe exactness In- required, the boat should he anchored at various equidistant sta- 
tions, the hanks being considered two of them, and the actual mid-depth velocity he 
measured Uy auy ol' the known methods. The number of these stations should he 
large enough to prevent an\ material change id" velocity hetween consecutive stations. 
In the case of a large river, where this method is not convenient, if the depth Is 
tolerably uniform, sufiicimit accuracy may he attained by observing, in the manner 
adopted on this Survey, a number of double Boats well distributed across the river-sec- 
tion, the keg heing uniformly sunk beneath the surface, to a depth equal to half the 
mean radius of the river — a depth which can he readily computed from the plot of the 
cross-section bj dividing the total area by twice the perimeter. The paths of the lloats 
should then he plotted Alld grouped by divisions of equal width, and the mean of all 
lloats in each di\ isioii takeu. Hy the former of these methods, the measured velocity 
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will be absolutely, nxA by the latter nearly, unaffected by the wind, no matter what 

its direction or force may be. 

The method of computing the discharge from these observations will vary accord- 

ing to the accuracy required. A close approximate result may be 

of computation, obtained by taking a mean of all the different station or division mid- 

the one to be depth velocities. In this method, there are two causes of error which 
selected depend- , , ■, , ,, , ,, ,». .. ,. .■ 

in? upon the de- ver 7 nearly balance each other, namely, the inequality in area ot the 

gree of accuracy different divisions, and the difference between the mid-depth and mean 

requne . velocities in any vertical plane. If greater precision be required, the 

mean of the different division mid-depth velocities may be substituted lor V, ir in the 

following formula, whose second mem her thus becomes known: — 

(25) v = ( [1 .OS ti H p + ().()( )2 !>] ' < - b. 04 6 V -■) " . 

This formula is deduced by substituting for U m , in the general expression U, ar = 
U m + .„ (b (?) '% its value deduced from equation [19), and reducing the resulting equa- 
tion. As has been already stated, when the mean radius exceeds about 12 feet, 8 may 
he assumed to be 0,185b. The formula would be exact, were it not for the error arising 
from variations in the quantity represented by A in the expression tor {-„,. H has 
been already seen that, for the Mississippi river, this quantity is constant, and, an it 
depends on the deviation of the form of cross-section from a rectangle, it is quite pos- 
sible that nearly the same value may apply to all rivers. Should, however, so great 
nicety be demanded as to forbid this assumption, it may be avoided, and accuracy, 
affected only by instrumental errors of observation, he secured, by substituting the dif- 
ferent station or division mid-depth velocities successively for V, „ in the formula, — 

The resulting values will be expressions for the menu velocities of the different divi- 
sions in terms of c'" and known quantities. The sum of the products of these expres- 
sions by the corresponding division areas should then he placed equal to the product of 
r by tlie total area of cross-section. The resulting equation, involving ooly n and p^ 
and known terms, may be readily solved and the values of r determined. There will 
be two such values, both positive; one, the lesser, corresponding to the actual case in 
nature, when the velocity at the axis is the greatest of any; the other, the greater. 
corresponding to the hypothetical condition that, this velocity shall be the least. It 
need hardly be added that the former IS the true mean velocity of the river. It is 
believed that the tatter process of computation, applied to careful observations taken in 
the manner already detailed, will furnish (he most accurate determination of the dis- 
charge of a largo stream which can possibly he obtained. It is, however, laborious, 
and the other methods, which are very simple, will probably furnish results in which 
the inaccuracies of the computation will be less than those arising from unavoidable 
instrumental errors of observation. 

HiTajniitttdton <>f thr mmf !»tf»orttott nor Jhrmnfm for velocity ftt-fow 
of* new'farmidn *^ *'trf<icv.— Before bringing this section to a .dose, the most important 
for velocity be- l)1 " t-' 11 -' H«W general formula for velocities below the surface, will be 
low the surface, repeated, the form of some of them being slightly modified for eonve- 
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nience in computation. The signification of the symbols is explained on page 200. 

For velocity in any plane, these fbnnuhe arc as follows — number (29) being deduced 

by cumljining (4) and (22) and reducing. It will lie remembered that lor all values of 

D greater than about 30 feet, h is sensibly 0.1850. For less values, if great exactness 

I 69 
is required, it must be especially computed by its equation, viz.: b = ;k , l5 ^ ' For 

the mean of all vertical planes, D becomes r in this expression. 
(27) V.^V,- (» •)"(§)*• 

(28) v u = v^-(4r)^(i -'';) 3 . 

(26) V, al) = V„ ( + ^( /><•)'- 

(22) y^Y.+ M-g.+ A*^. 

09, v = v. + (5 .p ( PCiP-^Ca *, -*>) . 

For velocity in the mean of all vertical planes, the following formulae have been 
deduced. Equation (S) can probably be made applicable, without material error, to 
the velocity in any plane by substituting D for r. 

(S) <l = (0.317 + 0.06 />. 

(19) U„ = 0.93l<. 

. „„ A/r(0.fi34 + 0.12/) — rf< . , vr . 1( ,\ ,, XM 

(30) U = 0.93 e + (- -J — - — 0.06/+ 0.016 J (b v) K 

(20) U„ = 0.93 v + (0.016 - 0.06 /) (h -•)'-. 
(91) tl, = 0.03 /• + (0.08/— 0,350) {h r)'». 

(21) U, = 0.93 P + ([(1.317 + 0.06 /J - 0.06/ + 0.016) (6 «?)*. 
(25) ,- = ([I. OS P H , + U.002 &]* - 0.045 6*)*' 

APPLICATION OF THE NEW LAWS TO THE GAUGING OF RIVERS BY FORMUUE. 

Thus far, in this investigation, the object has been, first, to determine the true method 

of computing the discharge from the data collected in the field, and The t,j ect3 f 

aeoond, to simplify the process of gauging streams by the application of JJJ«W*J 

the urwlv-discovcred laws. There remains still another problem, much fomula eX p reS3 . 

more difficult than either of these, whose solution is no less essential for ing algebraically 

the purpose, of this Survey. It is the mathematical determination of K^SL?" 

the relations existing between the cross-section, the slope, and the mean the dimensions of 
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cross-section, the velocity'. A knowledge of these relations is necessary in order to detor- 
surface andYhe mnie the amount by winch the surface-level of the river will he raised 
mean velocity of by the volume of water confined to the channel by levees. It is true 
nvera ' that the must obvious and apparently direct method of solving this im- 

portant practical question is to measure the quantity of water passing at the different 
stages of the river, ami thus determine Imw much additional water pnsses for each addi- 
tional foot of rise. This, as already seen, was dune; but. as anticipated, it was found 
that the increase of water for a unit of rise varied greatlv hi different localities and at 
different stages of (he river. Reasoning based entirely upon such proportional increase 
of rise must therefore he liable to the objections which can always be urged against the 
assumption of certain values lor variables whose laws of variation are not known. It 
was therefore deemed necessary to rind a general formula which, by a close agreement 
witli actual observations, should inspire confidence in the accuracy of its predictions in 
cases where direct observations were impossible. 

The first step taken was to collect and apply to certain observations, made especially 
tor the purpose or published in standard works, all formulas ever pro- 

None of the old ^ p ^ velocity of water flowing iu open channels of 

formula? proving ' _ . ' ° , * 

to be exact, a known dimensions and slope. Ihcse formula 1 ., with & sketch of the 

new one is to be )nanmT j n w hieh they were deduced, have already been given in Chapter 
III. The result of the comparison was not satisfactory, as may be seen 
by referring to n table in the latter part of this chapter. The development of the laws 
governing the change of velocity below the surface, ami (he possession of new and exact 
data, atlhrded the means of applying the principles of hydraulics to the deduction of a 
new formula, which should at least be free from certain theoretical errors believed to 
exist in all those already proposed. The following train of reasoning was pursued. 
Principle* which determine the fortn of the new jonnit/it. — In Chapter 111 it has been 
shown that there are two classes of formulas applicable to water moving 
classes ^at '"open channels: llmse hased upon the supposition of '-uniform " mo- 

based upon the tion, and those based upon the supposition of "permanent" motion. It 

supposition of ] liLS ^ \ n . vn aftow „ t ] i;i | t he only difference between these two classes 
unUtjim motion • . . . 

is adopted, i!i that the one has not, while the other has. a term wbtcli takes into ac- 

count the changes in living force produced by gradual changes in cross- 
section. It was evident, that such a term as this would be of no practical utility for the 
purposes of this Survey", because it would imply a more extended system of soundings 
than the limits of the appropriation would allow, and a greater degreeof refinement 
in the computations than the exactness of any determination of the amount of water 
to l>e added could justify, The supposition of "uniform" motion was therefore adopted. 
The condition of thfs motion — thai each particle of the fluid shall pass through the 
corresponding points of the several elementary cross-sections of the channel with equal 
velocity— can never he strictly fulfilled in a natural channel; but. by selecting stations 
Where the bed is most regular, a certain approximation to tins condition may he obtained. 
The difference between this practical approximate and the theoretical absolute unifor- 
mity of motion, the numerical values of the constants ought to correct; provided the 
observations from which they are deduced are properly conducted. The precautions 
necessary to be observed to this end will be noticed hereafter. At present, the form 
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only of :m equation based upon the supposition of perfect uniformity of motion is under 

consideration. 

The truth of Dubuat's two theorems: that, when water is moving uniformly, the total 

accelerating force is equal to the total resistance: and that, for all open 

f. «, . , , „ . i i> i Formula to be 

channels, the accelerating force arises solely Irom the slope o! tlio water- framed by equa- 

surface. — is considered undeniable. The first indicates the most simple ting expressions 

way of deducing such a formula, namely, to equate expressions for the an( j retarding 

accelerating and retarding forces. The second suggests an expression forces. Alge- 

for the former, namely, the product of the weight of the water by the the former 6 ° 

sine of the slope of its surface, a quantity which may in practice 

be assumed to he equal to the fall in a limited distance divided by this distance. 

The accelerating forces are therefore represented (for nomenclature see page 200) by 

G ij a I '/■ An expression for the resistances must he deduced. 

The water of a river may he considered to How through a natural pipe, whose inner 
surface is 'firmed by the bottom and sides of the channel and by the Retarding 

atmosphere. It has been demonstrated by experiment in the preceding forces. Distinc- 

1 . . ■ . - ' L '■ tion between 

chapter, first, that there is a strong resistance to the movement ot the adhesion and 

water, applied where il conies in contact with the air; and second, that cohesion, 
this resistance, whatever its cause may be, is of the same order or nature as that at the 
bottom and sides of the channel, since the law of transmission through the fluid is the 
same in each case. One resistance to the How of the water may therefore be compared to 
the friction arising from the forcing of a solid body through a pipe. Its locus is the entire 
oilier elementary layer of the fluid, and, for want of a better name, it mny he called the 
resistance due to the adhesion of this layer to the foreign bodies forming tiie inner sur- 
face of the great natural pipe. It. retards the velocity of this outer elementary layer, 
hut directly affects no other. The velocity of every other particle is diminished in ac- 
cordance with the laws of an entirely different resistance, namely, that of the cohesion 
of the different particles to each other. This is properly a secondary resistance, being 
that which regulates the distribution of (lie effects of the primary resistance of adhesion 
a moil"' the di lie rent interior particles of the moving mass. The force of cohesion is of 
an entirely different order or nature from that of adhesion, and of far greater intensity. 
It admits of only a very slight dilt'erence of velocity between the different consecutive 
oleum n tan layers of the fluid, while that of adhesion allows a velocity, often amount- 
ing to several feet, to exist in the outer layer of the fluid. 

These views concerning the nature of resistances to the movement of flowing water 
are, in some respecte, different from those advanced by any writer upon the suhject whose 
works have been consul ted. The admission of a resistance at the surface, of the same 
order as tliat at the bottom, is entirely novel; but the results of this Survey, already de- 
tailed, and an examination of those of Other surveys, with the clue afforded by the former, 
renders it absolutely necessary. The distinction drawn between the resistances of adhe- 
sion and cohesion is not admitted by most writers, although it has its advocates, among 
whom M. Dupait i* conspicuous. Writers in general consider the resistance of adhesion 
io be infinite thus causing the layer in contact with the bed to remain stationary, and 
reducing the effective resistances to the friction of a liquid moving upon a stationary 
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liquid layer, or, in other words, to the friction arising from cohesion. The reasons 
which have led them to adopt this assumption have been twofold; first, because experi- 
ments seem to indicate that the resistances are independent of the nature of the surface 
of the channel; and second, because an ignorance of the Laws by which cohesion acts ban 
rendered it impossible, without tins assumption, to deduce any formula for the mean 
velocity. The reasoning which lias led to the rejection of this hypothesis in framing 
the new formula is briefly this. The developments detailed in the last chapter, relative 
to the change of velocity below the surface, have made known the laws governing the 
action of cohesion, and shown that the change of velocity between the consecutive 
layers of the liquid is very slight, and in accordance with the parabolic law (see figure 
1 8, plat e X 1 ) . 1 1 ', t h en , t h e ve 1 ■ >ci t y of the bottom la yer were zero, that of the next layer 
would be infinitely small, and the successive increase from layer to layer, up to the point 
of maximum velocity, would he regular, being shown by tie- arc of a parabola having a 
horizontal axis, the vertex Iteing at the point <>f maximum velocity. The measured 
velocity near the bottom would, therefore, always be very small compared with the 
maximum. But all experiments upon streams have shown that this is not so. Upon 
the Mississippi river, for instance, the velocity, sis near the bottom sis a llotit could be 
made to pass, was often as. great as 5 or feet per second, the difference between it and 
the maximum vcluut\ noetw if ever, exceeding half fl i : '"i. The supposition of this 
stationary layer is, therefore, clearly inadmissible. The question has been ably argued 
by M. Dupuit, who lias arrived, from purely theoretical considerations, at this same 
result, which he has illustrated by reference to well-known physical facts. Should the 
correctness of the conclusion he doubted, it is hoped that si reference to Ids work, or to 
a synopsis of his reasoning on this point, cnntsiincd in Chapter 111 of this report, will 
be made for a more elaborate demonstration. 

The deduction of an expression for the retarding forces, based upon the views already 

,, , . stated, is very simple. It is evident that the accelerating forces are pn- 

Afgebraic .. - , f . ■ ,', ■ i 

expression manly consumed in overcoming the resistances ol oaflewon, cohesion 

for retarding acting merely to govern the transmission of the effects of those resist- 
ances through the llnid. But the absolute resistances of adhesion are 
directly proportioned to the length of channel considered, multiplied by the circumfer- 
ence of the fluid, or / (p + W). and to some function of the mean of the velocities of 
all the elements of the outer layer of the liquid. But l"„ is the mean of all the surface 
velocities, and V r that of all the bottom and side velocities. Hence the expression for 
the mean id' the velocities of all the elements of the outermost layer of the Iluid is 

IT W 4- V )i 

~ W_t.p ■ Tim resistances of adhesion sire therefore proportional to— • 



/ 






„ , By equating this expression with that already tied need for the ac- 

fornmla. celerating forces, the following general formula results: — 

ff, .,$--1 1, + w, f (2£±3f). 

Dividing both members of the equation by G g I — since, for formula* applying to water, 
G g may be assumed constant for any moderate change of latitude — and substituting 
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fur r its value, 9. % and fur U„ and U r their values for ordinary river cross-sections, given 

by formulae (20) and (31), remembering that 0.317 + 0.00 /' = -j this expression by 
red net ion becomes — 

Tli is is the expression corresponding to the almost universally adopted formula: — 



II s 



It is believed to be theoretically far more accurate, while its absolute practical difference, 
as will soon be seen, is so slight as to account for the general accordance between the 
old formula and the published experiments upon small streams; an accordance which 

could hardly exist if M. Dupuit's expression, — =9 {IT,.}, were correct. Since the 

resistances at the surface are overlooked by this writer, it is evident that his expression 
cannot be considered theoretically exact. 

.Substituting q (> for W in the fraction of the last term of the second 
member of equation (32), it becomes— ^S^^^' 

0.3335— -'-/ + ''' — 0.6(5 T 
r r 

9+ I 

But for rivers, q is never quite — although always very nearly — equal to unity. For the 
Mississippi, its mean value is about <U)9. No sensible error can, therefore, arise from 
assuming it equal to unity in the above fraction, which thus becomes — 0.167. The 
sign of this quantity must be changed, since, in the ultimate expression for c, which is 
a rout of an equation of the second degree, the difference between the radical and the 
other term is the rout of the equation corresponding to the true mean velocity. With- 
out tins change of sign, the deduced value of the numerical coefficient will correspond 
to the other root of the equation, which is the wrong one, since it does not become zero 
when the slope is zero. Substituting, then, the value + 0.107 for the fraction in the 
second member, equation (32) becomes — 



a e 



(33) w — = f (0.98 a 4 0. 107 B* «#) —*(*). 

Thus far in the investigation, the views adopted respecting the forces in question 
indicate every .step of the process with mathematical precision. This 
is no lunger the case, since the form of the function composing the n ° w S formula 
second member of this equation can only be determined by the study of must be deter- 
ohservations. A somewhat extended discussion of the conditions which nune< ^ il( ? m 
such observations should fulfil, seems to be required, as extraordinary 
errors have at times been made by hydraulic engineers of standing, both in conducting 
such measurements and in applying the variuus formulas for mean velocity to particular 

eases. 

Observations for deducing the cowlant& of tfSd new formula. — It is plain that, in such 
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Fall of rivers 
consumed in 
overcoming 
three distinct 
classes of resist 
ances, which 
must he express' 
ed by two dis- 
tinct formula?. 



observations, all the variables in equation (88) must be accurately 
measured. The manner of performing the necessary Held work for 
measuring all except the slope has been detailed at the beginning of the 
last chapter, and no further comments are required. The determination 
of thd trie; $ suggests many important considerations, This quantity, for 
rivers, is usually stated to be equal to tin' quotient resulting from the 
whose constants division of the Fall of the water's surface in a given distance by this 

cannot be deter- distance. This is inaccurate language, and has led to many errors in 

mined from ob- , . _, '■ ;. 

servations upon applying the formulas. the hill <>( any natural stream in any eon- 
pipes and siderable distance is consumed in overcoming three entirely distinct 



troughs. 



resistances: first, that already described as due. to the joint action 



of adhesion and cohesion; second, thai arising from the loss of living force when 
the stream is deflected by bends; and. third, that arising from the loss of living 
force caused by changes in width and depth. The lirst, only, of these is taken into 
account by formuhe whose constants are derived from observations in which the con- 
dition of uniform motion in perfectly fulfilled. If, therefore, such formula' are applied 
to rivers, the mean area, width, and perimeter between the upper and lower points con- 
sidered must be used with a slop*! computed by dividing the actually observed fall 
between those points, dimimwhisd 1>>i (hat expended in overcoming )!>*■ other two t*effitfancex, 
by the total distance. For the portion of the fall consumed in overcoming the resist- 
ances of bends, a formula will be hereafter discussed. For that consumed in over- 
coming the resistances due to changes in cross-section, it is clear that no practical 
equation can be framed, if for no other reason than that the requisite knowledge of the 
exact ibrm of cruss-seclion cannot lie obtained in practice. Formulas whose constants 
correspond to perfect uniformity of motion, then, cannot be applied to rivers. Hence, 
the constants of river formulas must be deduced from observations upon natural chan- 
nel.?, not, as generally heretofore, upon pi}.** and fmiif/lm, 

An extended examination of rivers with moderate slope (to which alone formula) 
Effect of changes iin ' uslw % applied) will show that, in general, where the stream Hows 
in cross-section with n straight course, the changes of CFOSS-section are gradual; while, 

to be allowed for ;„ | p( . ]|(1 ^ abrupt, giving rise to violent eddies and boils. This 

by modifying the , J "' " J . „,. 

constants of the &ct suggests the proper method of allowing for their effect. Ine eon- 
two formula. BtantS of equation [S3) should be adjusted to correct for the effect of 
ordinary, slight changes, while those of the bend formula should take into account the 
abrupt and violent changes. 

The above considerations indicate that three conditions should be fulfilled by obser- 
vations conducted for the purpose of deducing the form of the function 
Hence certain composing the second member of equation (38). First, they should be 
beVlfiUed by* made upon a natural channel. Second, the bed must be straight at the 
observations locality, in order to avoid the ell'ect of bends upon the slope. Third, the 

the^o^stants of cross-section must be sensibly uniform, in order to avoid the effect of 
the mean velo- sudden variations upon the slope. To these it may In- added, that the 

city formula distance must be considerable — as great as possible, in fact — in order to 

are to be t . i 

determined. reduce to a minimum the percentage of instrumental error in measuring 

the slope. 
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Even in a locality fnl filling sill those coin] it ions, the measurement is an operation of 
exceeding delicacy. The water surface, even then, is by no means a 
phine. The different velocities at different distances from the hanks measuring the 
destroy any such character, since water in motion exerts less pressure fall of water 
than when at. rest. This causes the level of the surface near the thread 

of the current to rise, in order to maintain the equilibrium. 8 The difference of height 

y ! y '' 

due to this cause is usually estimated by the furmulaif h= - J — i> -r JJ ~' Thus the dif- 
ference of level between the water moving near the bank with a velocity of 1 foot per 
second and that in the thread of the current, moving at the rate of 8 feet per second, is 

OS . p 

- = U.OS of a foot, or more than 11 inches. If. therefore, the water move with 
so 

different velocities ftt the two level-stations, error will result. The air. also, is seldom 
entirely still, and even a gentle wind, besides producing oscillations in the surface, may 
sensibly affect the relative level at the two stations. The almost constant rising or 
fallimr of the river greatly increases the liability to error. Add to these and to local 
causes of variation — such as eddies and boils — the exceedingly small numerical value of 
tin* slope for most natural channels, and an idea can be formed of the difficulty of its 
determination at any particular locality. 

This measurement was attempted at Vicksburg. Columbus, and Carroll ton, in con- 
nection with observations for discharge. The locality of Vicksburg _ ,, . , . 
being especially favorable for the purpose, several observations were operation at 
made to determine the slope at different Btageaof the river. An exceed- Vicksburg. 
inglv careful transit and level survey was made by Mr. Pattison, between benches 
established at E and C, figure 4, plate III. the line of levels being run five times with 
an accurate instrument, and finally testing to within a very small fraction of an inch. 
When the slope was to he measured, graduated stokes were planted in the water oppo- 
site the bench-marks, and carefully referred to them by means of the levelling instru- 
ment. Accurate observations uf the height of the water surface upon the stakes were 
then made simultaneously by different observers. Between these two stations, the cur- 
rent flaw* nearly parallel to the Louisiana shore, the eross-section is regular, and the 
difference of level of tie* water surface divided by the distance between the stations 
jrives a result as neat* to the true slope as can possibly he obtained by measurement on 
the Mississippi river. The operation was performed i'we times in 1858. The corre- 
sponding area, width, and perimeter were found by taking a mean of all the sections indi- 
cated on figure 4, plate III, including as one section a mean of those at the velocity- 
base. The mean velocity of observation was obtained by dividing the discharge found 
at the velocity-base hy this mean area. 

At Columbus peculiar difficulties existed, as may be seen by reference to figure 3, 

olate 111. The eddy and bend above, the island below, and the rapid 

1 ' , * , ,. i i -j i ■ mi At Columbus. 

changes of width in the cross-sect iou rendered it nearly impossible to 

measure properly tin* slope affecting the discharge at the velocity-base, where alone 

the dimensions of the eross-seetiott were determined. The fall in water surface 



• <,.,■ toga tntntotiflg amaurem -nis to test thU itiiiltei*, by M. UauijiErarteii, detailed in Chapter III. 

t Weisbitch. 
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between the stations tit G and A, on figure 3, plate III, was measured by Mr. Fillet 
brown, and in delimit of a better determination, the result is admitted, although 
probably somewhat inexact from instrumental errors, which the shortness of the line 
rendered very important. 

AtCarrollton the locality was tolerably favorable, the chief objection being the small 
numerical value <>f the slope, which rendered its measurement dilfieult. 

AtCarrollton. ,„. . ., . . ' , ... . . ,. „ , 

1 lus was performed by the levelling party m charge of Mr. I H om. 

The upper station was in all eases at station A. (See figure % plate III.) The 

lower was, for observations No. 1 and No. )>, at statlOB B; lor observations No. 2 and 

No, 4, at station C. The area, width, and perimeter used in eaeh ease were found by 

taking a mean of those quantities on all sections indicated on the diagram lying between 

the stations. The mean velocity of observation was found by dividing the measured 

discharge by the mean area. 

The slope of the water surface of bayou La Fourehe was measured within about 

_, .. 5 miles of the head, on May 6, 7, and 8, 1851, by the levelling party 

Observations • J ' - 

upon bayou La of the Survey. On May 6, the hut m a imli 1 was found to Ije 0.2.'jil 
Fourehe. Q £ a r uot jjj, t | 1(l \ jmi \ formula, soon to be explained, 0.042 of a loot 

of this were computed to be due to bends [am.' a, measured on the transit-sheets of the 
Survey, being 0.680), On May 7, the fall in 1 mile, and on May 8, that in about 2 
miles, were accurately determined in two different localities, where there were no sensi- 
ble bends. The gauge-read i ugs on those dates being known, the corresponding areas, 
widths, and perimeters were computed by taking a mean between the mean of the 
three sections at the mouth and that at Pain Court, distant about 'J miles from this 
point. The discharge was not measured, but was accurately determined by an inter- 
polation between the quantities found by measurement when the water at Donaldson- 
ville stood "1.2 and 7. .'J feet below the high water of 1851 (being 10,260 and 5150 cubic 
feet per second at these two stands, respectively). Since the discharge depends directly 
upon the stand of the bayOU at Donaldson ville, this must give a very close determina- 
tion. The parly also determined, by water-marks on trees, the total fall ill the first 5 
miles (less a few feet) at, the high water of 1861. It was 1.231 feet. By the bend 
formula, 0.108 of a foot of this were found to be due to bends (sin.* 4, measured on 
transit-sheets of the Survey, being 1..48D). Deducting this quantity, the slope to be 
used with the ibrmida was deduced. The area, width, perimeter, and discharge were 
found in the same manner as ibr May 7 and 8. 

On January It), 1850, Mr. Pattisoa measured the discharge and corresponding slope 

of bayou Pluqueiniue at its upper mouth. This slope, which was 
pfaquenune, measured between A and B, figure 7, plate 111, was evidently affected 

by bends and marked irregularities in cross-section. The total observed 
fall was L.03 feet. Uy the bend formula the efluct of these resistances was computed 
to be equal to 0.408 of a foot, leaving 0.iJ2 of a foot for the fall to be used with the 
formula. The corresponding area, width, and perimeter were found by taking a mean 
between a mean of the. three sections near the month and that near the mouth of bayou 
Jacob. 

The field work of the Survey had been already brought to a close before this stage of 
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the office investigations was readied. As the importance of further TTpon Little- 
observations upon very small streams became apparent in the course of Falls feeder, 
the investigation, the Little-Falls feeder of the Chesapeake and Ohio Jowh.'bI'cT 
canal, near Georgetown, D. C, was selected lor this purpose. The ol>- 
servations wav made on November 20 and November 28, 185!), near where the feeder 
leaves the Potomac river at the Little Falls, At the spot selected, the feeder, for a dis- 
tance of about sMHJ feet, has a straight course, and uniform, nearly rectangular cross- 
section, the bed being lined with stone masonry both on the sides and bottom. Above, 
the channel gradually enlarges to receive the water from the river, and below, it expands 
into a small basin. The banks are several feet above the water surface, and, in a tew 
places, the sides have partially caved in, thus creating local eddies. Apart from this, 
tin' place is very favorable for such experiments. To measure the slope of the water 
surface, two benches. 335 feet apart, were established, one near the upper and the other 
near the lower end of the place above described- The dillerence of level between these 
benches wa.- determined with great care by live successive level] in gs, giving the follow- 
ing reunite for the height of t)nj upper bench above the lower: 0.2-17, 0.2-1 0, (J. 248, 
0,252, and 0.251 of a foot. The mean, or 0.21!) of a foot, was adopted as the true dif- 
ference of level. The bcuebes were abuut a foot above the water surface, and by 
measuring this distance exactly, the fall in 335 feet, and hence the slope, could readily 
be found whenever desired. To determine the cross-section, a cord, graduated by hits 
of red tape to lengths of 2 feet, was stretched across the channel where no caving had 
necunvd, and the depth measured with an ordinary lead and line at every bit of tape. 
The resulting area wa> that used in determining the discharge, as the floats were ob- 
served through a clear part of the channel. The area to correspond to the measured 
slope was fonnd by deducting from the water-prism — computed by multiplying this area 
by the distance between the level-stations — the cubit: contents of the small portions of 
the wall which had caved in. To measure the velocity, the tin double-floats, described 
on page 2-j2, were used. The lower lloat was uniformly sunk to the mid-depth. The 
floats were made to pass at different distances from the banks, their velocities and paths 
being iixed by noting the times and points of crossing two graduated cords stretched 
across the feeder, UMJ feel apart. A very slight down-stream wind was blowing on 
both days, hut, as already demonstrated, it eould exercise no influence upon the mid- 
depth velocity. The method of computation was the following: As the cross-section 
Was nearly rectangular in form, it was considered unnecessary to subdivide it into 
partial areas for computing the mean velocity; this quantity being sensibly equal to 
the product of the mean of all the velocities in the horizontal plane at mid-depth by the 
i alio between the mid-depth and mean velocities in a vertical plane. To determine the 
mean velocity in the mid-depth horizontal plane, the paths of the floats were plotted 
and grouped, and the resulting velocities at different distances from the banks plotted iu 
the form of a curve. It was evidently one and the same parabola on both days, being 
nearly given by the followiug equations, which only dill'er in the values of ^Yjj»: — 



(Nov. 20) V*n = 3.3643 - 8.78 (g — O.os)", 

| V,v. 2Si V „ = 3.0000 - 8.78 (™ — QM)\ 
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The following table exhibits a comparison between tbe observations and the velocities 
given by these formulas ; — 

Measurements ujton the Ohempeahe and Ohio canal feeder. 





N»Vl b IL}tAI| 20, 




N .Vr !,! r 39 


DMnuo from 
I'i&M bunk. 


Velocity til mOWopUh 


Dfflbratmi 


DkbinH frmu 
ri^lit Liiuk. 


Velocity at inid-ili|.tli, 


DJfltetAco, 


ULBem'ifl. C |.nli-iL 


. .1.-. ,v.-.l. 


<'.i[jbi.ut{'<t. 


Feel. 

6,0 

0.0 

100 

12.0 
14.11 


/■hi. 

1*4«0 
3.0300 
3,2106 

8.8889 
3.21 n5 


Feel. 

2.2742 
9.1000 
8.2270 

8 .:■.:, m 

;: S8G8 


( ai«88 
— 0.05UQ 

— (I.lllll:'l 

: (i.n:;i'i 
—0.1258 


/'i.-r. 
7.(1 
8 5 
in.ii 
I2.ll 
n -, 
16.0 


!•;,!. Fee'. 
•1 41sH 2,4000 
L>..'n , ."l 2.H722 
•■ 8902 2.si;28 

s.osbs 2. w.ik 

2.S167 2.9144 
J. 8005 2,8083 


Fert, 
4-0.0188 

— 0.10!)] 
-(- 1J.«IL'7) 

+ ft0WfH 
—0.0277 
— 0. OU78 


16.2300 15.,'!tHl(l 


0.4018 


lii,i;77."> 


(6.6776 


f J. 2802 


«.tHH«) 3, mum 


5,0803 


2.77iMj 


2.77'.l« 


0,0483 



Since this comparison leaves no doubt that the actual curve was nearly that given 
by the above equations, the mean velocity in the entire plane from bank to bank was 
coin p u ted by equation ($), substituting pVjj B3 „,V, rj , and „.V", .„. respectively, for 
V„, V (/iJ and V n . This quantity, for November 20, was 2.5704, and for November 28, 
2.3070. Multiplying these velocities by 0.9624, the ratio taken from the sub-surface 
curve of observation given on page 204, the following mean velocities resulted : Novem- 
ber 20, 2.4785 feet; November 28, 2.2202 feet; giving for the discharge 307 and 324 
cubic feet per second respectively. The mean velocity corresponding to the slope 
Was the quotient of the discharge by the area corrected, as already explained, for tbe 



caving. 



All the original data of this Survey have now been enumerated. In relation to 

those found in published works, strange as it mnv seem, there is a very 
Character of - . ' . . , , 

such data given great scarcity ol sneh observations upon natural channels, aitnoiigii 

in published there are many upon pipes and troughs. The measurements of the 

discharge and corresponding slope of a river are such delicate opera- 
tions that a full statement both of the mode of conducting the observations and of the 
method of computation is essential in order to inspire confidence in the accuracy of the 
work. When this is not given, but little weight can be properly allowed to the data; 
for such detailed statements have generally revealed errors in some part of the process, 
even in experiments conducted by engineers of ability, as the following criticisms 
show. 

Dubmit's six observations upon the ('anal clu .Jard. a very small draiuing-camd, and 
(bur open the river Ilaine. comprise all made by him upon natural 
channels. The width of these streams is not recorded. For the Ilaine, 
this may he deduced by subtracting from the perimeter half the mean 
radius — tbe usual rule for rivers; but for canals, no such relation exists, and errors, 
which the small size of the Canal du Jard would render important, would probably 
result from any such assumption tor that stream. Moreover, in neither ease did 



Dnbuat's obser 
vations. 
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Tbibuat measnrs the mean velocity, but trusted to deducing it IVoin the observed cen- 
tral surface velocity by his empirical formula. For these two reasons, the observations 
upon the Canal dn Javd have been rejected. Two of the four observations upon the 
llaine were made when a Inrk interrupted its flow and reduced it to a kind of elongated 
basin, with an almost inappreciable slope. It cannot be assumed that this anomalous 
condition of the stream produced no effect upon the ordinary ratio between the central 
surface and true mean velocities, and these observations are, therefore, also rejected. 
The other two observations upon the river were made with great nicety under favor- 
able circumstances, and have been admitted. 

Krayeuhufl" made five careful measurements of the discharge, slope, etc. of certain 
rivers of Holland in IS 12. The slope as measured requires some cor- 
rection; for, since the level-station* were several miles apart, tiie observations, 
observed fall must have been affected by bends and inequalities of 
cross-section, Bv the bend formula, soon to be discussed, the reductions on this account 
are computed as given in the fourth column of the following table, sin.'- & being 0.75 
.per mile: — 



i:-..-, 



|li I ..,.■ ■ III.-.- .I-|'. <l| fill] 

I..h,, pn il'H'l* III M,LI.-r 

'■■■ ■ '■■-. 






The nhtiie nl Hvlnu-1 <i'i. 55i) 

The Uliiiie ni PfMin»rden 60,65 ; 

Tim Wiuil in iifijmr mouth '-_'. 1 1 1 

The Rhine b«toir Ihu Fwd 1 1. HW 

Tin; VaBul in upper muuili , 6,190 



fieL 

C..7 
6,7 
7,1 
6 It 
0.8 



1'iiri.iif Wlf.mi- j DKftwuw; or 

-iiilv'I ill i.vi-i-- Ii:ill lit" I'llLI rnll- 



I'lUillitK liuhilH, 
OCCi 



HmilriJ ill HV"I- 

tannfag AiHii-Hoci 
iiml . ■ . ■ [ i ■ -i-Hi. 



0.8 

(1.7 
D.fi 
IU 

0,0 



pttt. 

6.9 

fi.U 
8.6 

5.2 
11.0 



The mean velocity was measured by means of vertical floating rods extending from the 

surface nearlv to the bottom. The error arising from the rods not extending quite to 

the bottom was probably counterbalanced by KrayenholT's method of computation, 

in which the mean velocity was considered a mean of the different division velocities 

without regarding difference of area. 

Robison incidentally records the result of a gauging of a small canal by Watt, but 

without fcivinir anv of" the details of the measurement. The great 

. Wn.tt'5 obsET- 

reputation uf the engineer and the scarcity of published observations of vations. 
this kind, have induced the use of this observation. The mean velocity 
is computed from the observed central surface velocity by de Prony's eight-tenths rule. 
In Destrem's operations upon the Neva, the velocity was measured by surface Boats, 
from twelve to twenty-three being observed, according to the width of 
the stream. The discharge waa Computed by taking the sum of the dis- observations. 
charges of the several partial areas into which the cross-section was 
divided. The mean velocity of each partial area was computed from the surface velo- 
city observed in its central portion, by de Pronys formula for the mean velocity in terms 
of the central surface velocity. With a view to test the correctness of this novel use of 
the formula, which certainly was never contemplated by de 1'rony, a very few observa- 
tions were made upon the relative velocity, in passing over the same path, of a surface 
lloat and one composed uf a series of jointed rods so loaded with lead as to remain 
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vertical and extend from the surface nearly to the bottom of the river. Although the 
observed ratios varied greatly among themselves, Destrem decided thai they justified 
this use of the formula, II' so, the formula is greatly iu error, for neither do Prony imr 
Dubuat, of whose original formula this is :i modification, designed any subdivision of >h<- 
erosa-aectkm. As they proposed the formula, the. mean velocity thus found would lie — 
not that of the stream itself — hut that of the stream subdivided into as many different 
streams as there are divisions; a process which would greatly diminish the velocity by 
the increase of friction. The observations of the Delta Survey prove that Destrem — 
not de Prony and Duhuat — must be in error in this mutter, and a manipulation of nil 
his discharges seems therefore necessary. This would not disturb their close iicconl- 
anee among themselves, as computed by him, while they would ftll be materially 
increased. The admirable manner in which tiny arc reported renders their reeompu- 
tation easy, and it has been undertaken in the two instances (Neva river, Table 2, :tud 
Great Nevka river. Table 6) in which the .dope was measured. The sum of the pro- 
ducts of the observed surface velocities in the different divisions by the areas of their 
respective divisions, divided by the total area of ctoss-aoction, is computed for an approx- 
imate mean velocity. The ratio between this and the true mean velocity is then 
deduced by the new process, fully explained in the last chapter. This ratio is respec- 
tively 0.9946 and 0.9022 for these two measurements: giving mean velocities of 3.2296 
and 2.04SG feet, instead of 2.6441 and 1.6415 feet, as computed by Destrem, By de 
Prony 's formula, applied as hv cteeigtted if, these mean velocities are 3.2834 and 1.8074 
feet, respectively; showing that Dest rein's own measurements do not justify his novel 
application of it. For the purpose of testing de I'mnv's general formula for discharge, 
Destrem measured the fall in these two cases for about 8 and "> miles respectively, 
immediately below his sections. In this operation, also, he was Unfortunate, The 
detailed map accompanying his report shows that in neither case <b<] the measured 
slope correspond to the flow at his section. In the first case, a large bend, a new 
tributary and a great increase in width are noticeable between the upper and lower 
level-stations. In the second, after passing the upper level station, the stream bends 
gradually to a kind of delta, where it divides into a maze of channels forming large 
islands, on one of which the lower level-station was placed. It is evident that no 
formula based Upon the supposition of uniform motion can accord with these obser- 
vations, as they are stated, without thereby establishing its own inaccuracy, In default. 
of a better method, the observed slope has been corrected by the formula already men- 
tioned; the values of sin." d, measured on Destrem's map. being 1,44 ami 2.17 respec- 
tively. The slopes as corrected become 0.00001380 and 0,00001487 in the place of 
0.00002665 ami 0.00002040. No great weight can he attached to these measurements, 
but, as observations upon the discharge of rivers, possessing such a degree of exactness, 
arc very rare, it would hardly be justifiable to reject them, when thus corrected* They 
serve as approximate tests of the different Jbrmuhe. 

The gauging of Mic Tiber, including the slope measurement, detailed by Unllmi, is 

superior in exactness bo any already noticed. The velocity was mea- 

vttioul * ^"'^ ^ king lloats, eonostbg of small bundles of mds, so loaded at 

one end as to float almost vertically, and extending from the surface 

nearly to the bottom. The time occupied in passing a distance of about 200 feet was 
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noted for twelve floats well distributed in different parts of the stream. The area of 
cross-section was carefully measured by sounding, ami tin- discharge computed by tak- 
ing the * at ii of the prod nets of several partial areas by the mean of the velocities 
observed in them. The measurement of the slope was unexceptionable. The admi- 
rable method used in reporting the date collected has afforded the means of making 
two slight corrections in the mean velocity as computed by Ballon. The first error 
arises from his assuming the velocity at the ha ok to he the same as that of the lloat 
nearest it. This is manifestly erroneous, and a new value has been deduced by assum- 
ing the same rate of increase of velocity between the bank and nearest lloat as between 
fchifl lloat and the next. A simple diagram at Once shows the necessity lor this change. 
The second correction is for an error fully appreciated by M. Button, but which he had 
no data for eliminating. It is the excess in the measured velocity due to the fact that 
the rods were unaffected by the water between their lower ends and the bottom of the 
river. Very careful and extended experiments have been made by Mr. Francis at 
Lowell, Massachusetts, to determine the error arising from this cause, and the following 
unpublished formula for the coefficient of correction has been kindly furnished by him 
as the result deduced: — 

Coefficient = LOGO - 0.11 G ([ D v"- 1 '']'* - O.l). 

In this formula. 1) denotes the depth of the water, and D, the length of the immersed 
pari of the rod. The mean velocity computed by Bufl'on is 3.0582 feet. The first 
correction reduced it 0,0925 of a foot, and the second 0.1525 of a foot, making the 
true mean velocity 3.4132 feet. This is believed to be still a little excessive, as the 
measured velocity 'it some of the Boots (of float No. 3, for instance) is evidently too 
ureat ; but, on the whole, it is considered a very reliable experiment. 

On March 12, 1851, Mr. El let measured the slope ui' the water surface for several 
miles down bayou Phepicmi tie, at stations 1 mile apart. The details E n. et * s observa- 
of this Measurement were not. published, but the original diagram is on tions upon bayou 
file i n the Bureau of Topographical Engineer, at Washington. The ^q^mine. 
fall in the first mile was 1.-15 feet, the Mississippi at Phnpiemiue being 2.1 feet below 
the hidi-sMiter level of 1851. The discharge was not measured; but, as this quantity 
w:i> accurately determined by the Delta Survey when the Mississippi stood G.3 and 0.6 
feet below the high-water level of 1851 (being 16,900 mid 33,390 cubic feet per second* 
respectively, for those stands), the discharge on March 1^ may be deduced by inter- 
polation. Thai determination must be. quite exact, as the quantify of water passing 
down the bayou depends entirely upon the stand of the Mississippi, and, for any given 
Stand, can andergo but slight variations. The area, width, and perimeter were readily 
Computed from the cross-sections made by the Survey, the stand of the river being 
uiveti by Mr. HI let. As the bayou winds considerably in the distance in which 
the fall' was measured, the correction for bend-effect, hereafter to be explained, 
must be applied to the observed fall. Sin." d, measured on the transit-sheet of this 
Survey was found to be 1.710, giving by the bend formula 0.30 of afoot for the fall 
due to bends and other resistances. This leaves a fall of 1.09 Jeet per mile for the 

true slope. 

Mr. Kllet's gauging of the Ohio in L85S, including the measurement of the slope, 
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EUet'a ohserva- was admirably executed, as far as the field work was concealed, ami 
gj^ p equally well reported; but exception must be taken to the method of 

Computation. The velocity was measured by surface floats well distri- 
buted across the river, ami the discharge computed by taking eight-tenths of the sum 
of the products of the several subdivisions of the cross-section by the velocity observed 
in them. The correction-ratio, eight-tenths, is certainly not allowed by the best au- 
thorities. It seems to be a repetition of Destrem'a misapplication of de Prony's rule. 
By applying the process deduced from the observations of this Survey — already fully 
explained — the true value of this ratio is (bund to be for this case 0.90, giving a mean 
velocity of 2.5152 instead of 2.1, as computed by Mr. Kllct. To prevent errors in test- 
ing this result, it may be added, that the "mean surface velocity" (a quantity which 
enters the formulae) is not, as considered by .Mr. KHet, the quotient of the approximate 
discharge by the area of the cross-section, but the sum of the products of the widths of 
the diflbrent subdivisions by the mean surface velocity in them, divided by the total 
width of the river. In other words, it is in ibis case 2,50 instead of 2.02. 

The above summary includes all observations upon water Rowing in natural chan- 
nels, published in sufficient detail to be entitled to confidence, that 

No more data / * , _ . * 

available; but could be collected alter diligent search. II is to be regretted that the 

those collected works of Eytelweiu and Funk, which contain reports of such measure- 
sufficient for all , * . , . , , . . . 
the practical ments, bave not been accessible in the present investigations, it may, 

purposes of the however, be doubted whether the Operations therein detailed were con- 
ducted with the requisite accuracy. A new and extended scries of such 
observations upon rivers of great slopes is absolutely necessary to the entire determina- 
tion of the form of the function composing the second member of equation {.'):!). The 
data above mentioned, however, which are all contained i;i the table on page 816, are 
sufficient to determine it lor natural channels with slopes less than 0.0008 and cross- 
sections larger than U)0 square feet, — limits amply sufficient for the practical require- 
ments of the present Survey. The process used hi determining the form of the function 
remains to be explained. 

Determination of the constants of ihe »< :>• /,„•„,, ii, lt — Since the enunciation of Coulomb's 
law, it has been the general custom to assume <f ('") — wluch, as already 
for the algebraic explained, corresponds with most writers to r (2) in the new formula — 
analysis of these to be equal to an expression of the form B r + C r, and then lo Slid 
values for the coefficients 1! and II which would make the formula accord 
with experiment De l'nmy alone (excepting Eytelwein, who followed his method) has 
exactly defined the piocess adopted in finding such values, lie employed La Place's 
two methods, the one giving the minimum value for the maximum error, and the 
< a her the mini mum value lor the sum of the errors, — I be curve whose coordinates are 



ra , ..... r t ft 



- and v (in this case and ;.) being a tight liiiv. As the expression represented by 2 

contains r and /?'*, if terms involving its first and second powers are allowed to enter 
the formula, the (uial expression for >■ will be very complex. Moreover, a trial of this 
process proved that a right line would not conform with sullicieut exactness to the data 
collected. For these reasons, it. was necessary to try a new method. The expression 
<f (2) in equation (33) was placed equal to the expression Cr, giving by reduction the 
following equation : — ■ 
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(34 ) C = 



HS 



(P + Wj z» 



The second member containing only known terms, its nomeneal value was computed 
for the diflerent observations already described, and it was at once evident that C could 
nut be assumed to be constant. To detect its law of Variation, the diflerent values were 

plotted as ordinate^ to the corresponding values of — ;-^y' », and s, successively, as ab- 
scissa;. While serrated curves, following no apparent law, resulted when C was plotted 



'! 



-with jj^iTw or l 'j a quite uniform result was obtained by using s. It was then reason- 
able to conclude that C was some function of tins quantity. Much labor was 
expended be (live an equation representing tins function was found, At first only 
the data obtained on the regular field work of the Survey were used; then, in suc- 
cession, the data described above for the higher slopes were added. The successive 
additions modified the results already obtained, by requiring a change in the carve for 
these higher slopes. To give a detailed account of these trials would extend the discus- 
sion beyond its proper limits without answering any useful purpose. Suffice it to say 
that few classes of continuous curves for which equations of conditions for passing through 
two, three, or even lour [joints can be conveniently computed] were left untried. There 
seemed to be some fatality from which there uniformly resulted either large discre- 
pancies for some uf the observations; or an absurd result when the quantity 8 ap- 
proached its maximum real value, unity; or an expression so complex that it produced 
an equation of the third degree or higher, when solved with respect to *; or the 
necessity of leaving the curve and following a tangent, for slopes above a certain limit. 
At length it was discovered that the vvi'y simple curve — 

would fulfil certain necessary conditions, which could not be forced upon curves whose 
equations are of a much higher degree. It was accordingly adopted. When this value 
for C is substituted in equal ion i:M), it can be put under the form — 

19$ as) 



/195 a x'Vj 

<-» »-(tw) 



This is a general equation, from which the value of any one of the five variables may 
be deduced when the other four are known. It should be remarked, 
however, that W and p are hardly independent variables, as a knowledge of f fteIl of tie 
Of one often implies a knowledge of the other. Even when this is not four variables 
the case, it will be found, for ordinary natural channels, that only a j^J^^ 
small percentage of error will arise from assuming /i = 1.01.5 W. This 
reduces the variables to four: it, (p -f W). s and 2, The last-named quantity is strictly 
a function of » and r, but the coefficient of r is so small that it may be neglected, and z 
be considered, for all practical purposes, a simple function of i\ The following equa- 
tions exhibit the value of each variable in terms of the other three: — 



/lSflasHv* 
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( 3G ) * - [— l»b^-J ' 

( 37 ) "--TOT, 1 : ' 

(38) ' It + w = ^*> 

It will be remembered that z is a variable of which only two absolute values are 
known, namely, that for a rectangular cross-section and that lor an ordinary rivet* 
cross-section. These arc respectively — 

&— r + 0.107 &X <■'■■, 

ss=*0.93u + 0,167 6* i- 1 k 

Substituting these values in equation (3-5), and solving with respect to v, we have the 
two equations — 

(30) r = (yMffiTb^FJlWr^* - 0.08 >' l -/> 

(40) v = [VO.HQ81 * + (22S r, &)« ~ °«<*9 V*f . 

As equation (39) is only applicable to a very limited class of streams flowing in arti- 
ficial beds, it will receive no further notice. It is of exactly the same form as equation 
(40), and susceptible of the same simplifications for practical use. 

For small streams, 6, as already shown, varies with r, being given by the equation: 

1.69 . 

Simplifications It — , . .. % > but ior rivers, whose mean radius exceeils 12 or IS feet, 

in these formulse . ~H ." . 

for large the condition of most streams discussed in this report, // may be assumed 

streams. (,, be0.185§. This makes the numerical value of the term involving b 

so small that, for any but theoretically small velocities, it may be neglected, thus 

reducing equation (40) to — 

(11) v= ([225 r t &]* - 0-0S8S) - 

which is an approximate formula applicable to rivers as large as, or larger than, bayou 
IMiiqucmine. From this equation the two following formula; may be deduced, which 
arc sometimes convenient in finding approximate values of the quantities in question. 

(«**+ 0.0388)* 

(-•'■ + 0.0388>V 



,. . /Q>* + 0-0388 * \ 

( 43 ) «={ —mT, -) 



It may happen that the discharge and two of the four variables in equation (35) 

are known. In ibis case, both the others mav be computed, provided 
Solution when 1 ,, , , ,, m . . . , i 

the discharge ail(i " ure n "' t ' ie tw0 known variables. This can be dune by 

and two of the eliminating the unknown variable in the second member of that one 

tetoSavn!** ° r tll( ' il!,uVL> e 'l ,lllt ' u!w whose first member is the variable sought, by 
substituting for it its value deduced from the equation — 

Mi) »=,£ 
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No difficulty will be found in performing toe operation except when a and (p + W) 
are the two known variables. An equation of a higher degree than the second cannot 
in this ea.se be avoided, and the following method of computation by successive approx- 
imations will be found convenient. Let a value of </ be assumed, and the corresponding 
value of v be computed both fay equation (40) — or (39) if the cross-section be rectangular 
— and by equation (44). If these values are identical, the assumed value of a and the 
corresponding computed value of v are correct. If these values differ, a slight change 
in the assumed value of '/ should be made and the operation repeated until any desira- 
ble degree of accordance be obtained. If the stream be large, this process may be 
greatly simplified by using equation (41) instead of (40) and putting it under the 
form — 

._(* (1^)^0.0888)* 



Before proceeding to detail the numerous tests which have bcei 



TfiStS Of tll£B6 

applied to these formttlaB, the various resistances opposed by bends to ne w formulae 

the How of water will he discussed, inasmuch as some of the tests in- temporarily 

(t e tfi t re cl . 
volve the use of the formula adopted for eliminating the effect of that 

class of lVsistlllKVS. 

i'jj'iri ,f l»;nfs\ ahrnpt inequalities of Mr/ion. tta. upon the fill of rw&P8, — When water, 
moving uniformly in a straight channel, encounters a bend, the addi- Bends in a river 
tionul [tower required to make the change of direction can only be analogous to 
obtained hy sin increase of slope, and the water is hacked up until this dams - 
increase is attained. The fall in the reach above is adjusted to the level at the head of 
the bend, for a short distance above which the slope is less than in the straight reach, 
owing to the accumulation of water. On leaving the bend the water resumes its normal 
condition. The effect of every bend is, therefore; like that of a dam, to elevate per- 
manently the plane of the water surface above it without affecting that a short dis- 
tance below. The changes in the depth, the enlargement of the channel and the 
eddies usually noticeable ;i t fiends tend to increase this effect, since they increase still 
more the resistances in the bend. 

A.8 already Been, it is an important practical matter to determine how much of the 
actual fall of a river is consumed in overcoming the increased resist- Kubuafs empiri- 
ances met in passing round Ijends. The exceedingly complex nature cat bend formula 
of the movement of lite different fillets of water renders any suinma- for P J P es - 
tionof the resistances encountered by them impossible; but it is not, to be inferred that 
no empirieii! expression can be found which shall satisfy the practical requirements of 
the hydraulic engineer. A very simple formula of this kind has been proposed by 
Duhuut in liis great work. I Us reasoning was, briefly, as follows: If /<„ denote the fall 
required to overcome tin.- increased resistance, it is evident that it must be proportional 
in the number of bends, to some function of the mean velocity and to some function of 
the angle ui' incidence. Denoting by & this angle of incidence, which must not exceed 
;I certain value, say from 38 to 40 degrees, and by t- a constant, he assumed for trial 
the expression — , . , 

K « — — 

40 
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lie found by many careful experiments upon pipes of various dimensions that, with e 
equal to 29D8.5 French inches, h u and o being also expressed in this unit, tins formula 
accorded well with the observations. When reduced in English feet it becomes — 

, ir Bin.' d 

it = — 

2<JS.3 

It is evident that, being deduced entirely from observations upon small pipes, (lie 
numerical value of the constant cannot include the effect of the abrupt 

Observations for ■ , , , . . , . , . 

determining a changes in cross-sect ion always noticeable m river bonds. A new value 

coefficient to must therelbre be deduced for natural channels. Measurements for 

a ap is or- ^ ■ purpose were made at various bends between Baton Kouue and 
mula to nvers. ., . 

Carrollton during the progress of the level-survey between those points 

in 1851; and, with still greater nicety, at Vickshurg during the progress of the dis- 
charge measurements there In lSo.N. At the bitter station, the work was imposed in 
addition to the usual onerous labors of the party, and the exertions of Mr, Pattison to 
accomplish it without allowing any interruption of the daily velocity observations, will 
be appreciated from the following statement. He made an exceedingly careful transit 
and level survey between permanent benches at the points marked A. K, ami (!, on 
Jigure 4, plate III, a distance of about eight miles, running the levels five times and 
making the work test to within a small fraction of an inch, lie established graduated 
rods in the water opposite the three benches, and accurately determined their relcrcnce 
to the common datum-plane. Selecting times when no wind was blowing, the height 
of the water on these rods was observed simultaneously by different observers, and the 
true fill in water surface between fchera thus determined. 

The method of deducing (hu effect of the bend upon the fall of the river from these 

observations is simple. If the bend had not existed, the slope measured 
Discussion of the .1 , • 1 . , ,. ,. ,,■ ,- , , ^ 1 «- , > ± „.„,.,, 

observations ll1 Straight portion ol I he river, multiplied by the distance between 

the extreme stations, would give llie fall between them. The diflercuce 
between this quantity and the observed fall is //„, the fall expended in overcoming the 
additional resistances occasioned by llie bend. The corresponding value off? was found 
by plotting a line, containing angles of incidence of about oil , upon the trausit-shcels 
of the Survey, near the mid-channel, The sum of the squares of the natural sines of 
these angles gave the numerical value of sin.- >L For the Vickshurg observations, v 
was directly measured. For the bends between l»a ton Rouge and t'arrnllton. the dis- 
charge could be readily computed from the daily measurements at t'arrolllon and the 
known distance and rate of movement of the water. The corresponding areas of cross- 
section were not measured, lor the reasons stated in tin. 1 letter transmitting the report 
The widths, however, were known from the Iransit-djeeK and the corresponding 
perimeters were (bund with sufficient aeeurae\ by the rule above given. Knowing these 

two quantities, together with the discharge and the slope in the straight portion of the 
river, the corresponding value of a was computed by the general formula in the man- 
ner already explained. 

New coefficient, When Dubuat's formula is applied to these data, it gives too small 

and its tests by values for /<„, which — as has been shown — OUghl to be the case for 
the observations. r j vera , (m , wi{h thfi ^ va[u( , m ^ ^ u ^^ t ., OS( , [> , „.;,,, ,, UI 

observations. The formula, lor English feet, thus becomes — 
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(45) 



Jl = 



134 



The following table exhibits the data above described, together with a comparison 

between the values of /'„ deduced from the measurements and those computed by for- 
mula (45) : — 







Fett. Cu.fl. 
Jefferson Comga May 14-18, 18-11 '0.989 780.000 






148,250 



5. 1 1 



?! 



u 

II 

si 

Is 



Com- 

pit fad 

l,y 

MOpti. 

/V f. Feai Feet. 



Rill betfloen 
cxtreinu 



!;! miles nfa>W N. May 20-21, 1851 O.filO 710,000 [28,100 S.50 .«-•"* 88,90010.77-1 

Atoms ftapiemb* June Jfi-S0,18S] 1.188 8lB ( SMl57,80l> &.I7 pj.^% 15,280 0,880 



rtb- 



Fat. 
0.906 






By , 

lire- j miilu, 

UlOllt. 



*'«:/. 



Feet. 



0.827 0.210 



0.8-lfi:0.I32 ( 0.1I7 



D i f ii OohIj 

j Above Viekaburg High water, '6® 

Ubove Vicksbm-g. Dec. is, 18S8 



. U.(i:,t U.--74 O.'il.'i 

.1 1.287 7i*.7,f)i)i) I ,-,7,7t)ii l.su 'Vj'^J ;in,n.MJ 0.4ST 0.038 0.108 1)227 



0.550 0.070 



1 .St27 j 1 , 426, f» Ml (79,400 6.82 fj "!/V '. *''*.'"'-5 ' ■ OOflJS.flSl > 

1.927 760/100 134,940 5.66 \f\%% 48,826 1.818|l.880|l).&B3j«,4i4 






Feet. 
4-0.108 

+0,015 
-f 0.041 
-0,081 

—O.120 
fO.llN 



Considering the great difficulties to be encountered in measuring such a quantity, 
the amount of the differences in the last column is surprisingly small. It is not 
upon this alone, however, that the proof of the applicability of the formula to rivers 
depends. It will soon be subjected to a further test, which is thought to establish its 
correctness. 

The subject which was deferred for this discussion of bend resistances will now be 
resumed and a detailed account given of the tests which have been applied to the 
various furmuhe, new and old, designed to express mathematically the relations existing 
between the cross-sect ion, the slope, and the mean velocity of water flowing in natural 

channels, 

2W< <>/ fnnnuhr. f»r relncihj, *h>p<. ,i-. „/ rice*}.— The most obvious ^^ of dat& 
test, and thai fire* applied, was to compare the results of the various for twtinff mean 
formula with the direct measurements contained fa tin; following table, velocity formal® 
which has been already fully discussed when explaining the manner of 
determining the form of the function that constitutes the second member of equation 
(33):- 
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Measur&fnenis of cross-section, dope, and resulting memi velocity of rivers. 




|C. & O. eanivl feeder NenrOcoTjicl'n.U.C 

.4 Li U .* li 

Oliio river I'dinl Ple&MBt. 

. Itivcr ((nine | f'riuiye. 

iCnjinl [Kngluml 

liiver Klii lie Iltylnnd 

" " 'I'iiiinerileri. 

" Wnnl ■Ujipcr month. 

'* Itbiue ltciow i lie Ysse]. 

" Vssul L'pper tuijiilli, 

" TiUer Rome. 

" Neva fSuBSiR 

" Great Nevkn.. 



List of the old 
formulae for the 
mean velocity of 
rivers, and table 
exhibiting their 
accuracy as com- 
pared with that 
of the new 
formula. 



For con von ion ce of reference, a complete list of the old formuhe {see 
Chapter III) is here repeated. The following table exhibits the result 
of the test. The figures denote the amount of the (h'wrcpunri&t, find 
the signs denote the manner in which they are to Ik.' applied to the com- 
puted mean velocities in order tu reduce them U> those given in the pre- 
ceding table. Thus, under the first observation, the error by the Dulmat 
formula being + S.I82Q feet, the computed mean velocity is 2.74GS feet, 
since 2.7468 + 3,1820 == 5,9288 feet, the measured mean velocity. 



<'lt>--!/ 



I 



(Young's coefficient) .... 
(Eytehvein's coefficient) . . . 
(howning's and others' coefficient) 



V 


= 


84.8 


a)* 


>• 


= 


93.4 (/■ 


.)» 


>• 


sa 


100.0 (» 


*)'- 



Dubuat v = y n ^r°'° SJ - 0.086 (r* - 0.03). 

(♦) ■-"•(7 + ") 

In which L = common logarithm multiplied by 2.302685. 



(tininf 



>•= (2.69 + 26S84 r*)« — 1.64, 
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Die Prony , 



'(For canals) . . . . v 

\(Fot cat) tils and pipes) v 

(Eytelwein's coefficient) d 

, ( Weisbach's coefficient) v 



(0.055(1 + 10593 r sfi — 0.2357. 
(0.0237 + 0960 r *)* — 0.15-12. 
(0.0119 + 8903 r a)* - 0.1089. 
(0.00024 + 8075 r s)* — 0.0154. 



frs ( B v ,\? 
YoW"J » — \XX + MTa) "J 



i 2 A' 



In which A = 0.0000001 ^413 



1.5(525 



HO 



3r + 8 



15 



2%J ; 



B 



4 »■ + 0.0; 

0.0001 UG> 



= o-ooooooi (^ + (^ (m* + ~ + ™)) 



v r i/ 



Agra-ft t? = ( -^, w - + (0.0(107 + 0114 t 8 )H - 0.082. 



^T^WIrtU . • r= 106.068 (f«)lf, 



Ellet 



= 0.64 (Al)« + 0.04 AH. 

In which A denotes the maximum depth of the stream, and 
II the fall in water surface in 1 English mile. 



JW* of (he several formulae for mean velocity. 



Sim, I" 



'']"■/>'■- fHnnnI;! with to- 
r-IMoicrii 't 



Di> frnoj-'s liinuola Willi coefflciontt 




lUlCll. 



i;, r n li a„.f,,, l ,ui a .; fi ;™; i ; 



{in in., 



2j.*4ii auKiss 4'. hit :;:.447i 2s.090f, 

I 



r-i. ' 

■ ia«M 

— -j.'.j".. 

3 ■'. _'■ 
-.■. u ■-_■ 
0.7S88 

f ljxmi' 

i...., , 

i ,-, ■ 

[.-::■■ 

I l.Hti 

-0,'illH 

— oJMS 

■• Il.li.4fl 
+■ O.807fl 

t- o-wro 

— UBT0 

— i. n7 as 

■ 0,107) 

— o.UflT 

— 1 1.2] is 
I— Qj004jt 
1 — 11.14*1 

t- n-1774 
(-CI.IH *i 

■ 0.181S 
". ...; 
n.1.>: 

■ 1.1790 
r 0248*8 



Fr,i. 

2.U.M7 
■.'.:>'««( 
2.782 1 

MS 

\ 1.123S) 

I :> ! I 

4 2,33501 

1.3343 

j 2J000 

— 0.1.158 

— ip.iiii.J 
I- o.MM 

IjUSDS 
y ljnit:s 
i- (i.srtST 
_ 1.37411 

— 1.6003 
M. It".; 

; l).liir.4 

+ 0.1)147 

0.1H71 

■ ■.I m 

ll.lt:^ 

O.Sfcfri 
! n.41 1)7 

■I. ..1i Ci 

ii ; 1. 

. 1,1133 

ftJTTI 



28.15(111 29.S2,'jS 2S.S412 



| 1 .....r;.. 

i 1,4029 

• • ' 

: 2.VMS 

— ajOftw 

— n.iri,..] 

—0.4738 
I txtdod 

0.BO41 

— n.iafl4i 

— uen 

— O.K7HD 

, ii.i-i; 

. i. -.....■: 
(11.7447! 
OMSK 
— 1,01011 
— 3.1SM 
) 0.1680 

— 0,2003 
—0,2.147 

i nam 
— ojam 

r 0.H1711 

|— 0.1820 

0.0029 

' i.;- ■'■■'■ 

— 04(107 
■ 11.11;. si 
4 QA34S 



. Z.43S1 

■ 2.TO02 

■ 2JU34 
i 2.40011 
1-0.71 

1. Loan 

4 1.1T:(7 

■ 1.043! 
1 2JI143 

— 0.51*7 

— 023435 

+ U.'i I ill 

I 0.M12I 
-(- 0.8954 



KIM's 

I. .3-1 1 1 Elli I. 



New 

(temuttv 



>■." 



.-,1. 



— 1.11470! 

— 1. S9»B 
1 01,388* 

— (KOSSfl 



:t:;;-:;i 



.0.1204 
I 0.0084 

—020730 

1 11.-j.Mi7 

■ 'i.L-vi;, 

05383 

"i.l-j-1 
0.2347 

J. 1,L1171 

1 o.swa 



-:.-„i<" 



B . ■. 
; 2.SSM! 
; HJitKl 

-J. 1 , 1.'..". 

I 2. Will 1 

- 2.0982 

• IJWfffl 

4- i.NI'.M 

f 1.4X.'.2 
. i. i. ■..,.-. 

13*43 
I 0.4108 

!- o.*osa 

1 123069 

+ vnm 
. 121*43 

[.IH.IH7 

— 1.477:1 

I—1.74U7 

t 1.I1KI.7 

, 03340 

11..M1U 

i-ojMia 
. 1 .1... - 

( 1.IK1211 

I ll.^illl 

; 0«38 

I i.ooia 

l II.OIIll 

1. •:.;■; 

• l.IBOS 



;.ii,.i.|-.. 



Pitt. 

i 0.IW8B 
1 0.2425 

, O.'J.'iOn 

j 1X0058 

— O.BOIKS 

— 0.4002 

. ii.iiTI:, 

— 039TS 

n.ii|-;i, 
-ii.l:.._' 

— 0.W4N 

— 0.:1S7! 

— n,-jii;n 
".id:; 

-r n.oau* 

—11.07011 

— 11. 1 7(1' 1 

— 0.2.V.II 

4. 0.0211s 

. U,ii2. - j7 

- Ii.nssii 

- -II. I'll. > 

— 0.4800 

-o.in-144 

— 0.110H 

.1 O.OO J :s 

- 0229OB 

0.1378 

—9.4970 

01101 



OMS 



0.:S92ll 
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The great superiority of the new formula, for natural channels, is evident from tins 

table. Moreover, erroneous as the old formulae are nuide to appear, 

SUnKd thc "y an '— with the exception of the Prony-Kytelwein and Kllet for- 

formulEB have in niuhe — in reality too favorably represented In thi'se columns of dillbr- 

general the enees. This is plain when it is remembered that their constants were 

wrong sign. , l 

almost exclusively deduced from observations where nearly absolute 

uniformity of motion existed; and that, therefore, when applied to natural channels, 

where a certain part of the actual slope is consumed in overcoming the resistances 

opposed by the inequalities of cross-section, they ought to give too hmjrw mean velocity. 

Exactly the reverse is in general shown by the above table, and the formulae, therefore, 

give results not only erroneous in amount, but also in fii'ju. They ought to give too 

large, and they really give too small, a mean velocity. 

If this is true, the converse is also true; that is, a correct river formula, when 

_. , . . applied to observations made upon water flowing with perfect uniformity. 

This idea con- . 

firmed by apply- ought to give too tsmall a mean velocity. To test tins question — ami 

ingthenew incidentally the new formula — it has been applied to Dubuat's obscrva- 

formula to Du- ,. *, . ,, , , i , . . 

buat's observa- tltms u P on Ui * s niall wooden trough, wnere by ingenious contrivances he ■ 

tious on a succeeded in securing perfect uniformity of motion. The result was in 

wooden trough. T ... ,, . . r * Jt , „ . .... , , _ ., 

accordance with these views. Moreover, the deficiency followed a definite 

law for nearly all the observations, requiring the addition of a function of the true mean 
velocity, given by the expression: 0,66 (?' — (). I). The huge numerical value of this 
correction was not anticipated. It may possibly be in part due to water having a less 
adhesion to smooth wood than to earth. For a long time after Coulomb's experiments, 
this question was believed to be decisively settled in the negative; but later writers, 
among whom may be named Dupuif. whose works place him in the first rank of those 
who have treated of hydraulic science, consider it to be still a subject for experimental 
investigation. The following table exhibits the results of the computations. It should 
be added, that it would doubtless he easy to deduce a new value of C, which would 
make the formula,, without any empirical addition, accord closely with these observa- 
tions, but not being required for any practical purpose, this has not been attempted. 
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H&s formula a$iplie& to Dubvafn obserraficna on lm trough. 





IM'ii'ti 1 f 1 tl --■■■■ ttlOB. 


Hi 'i. 


Hl'l*'. 


Menu fvixcKj. 




Hll-|-|lil[ 
















Dlffn remit'. 




VlLM- 


.Width. 


Perimeter. 






i VI ..-,- r Vi.'il , 


fiilllfilLtlnl. 


t'nm'riM 

01 lll,,.M", 






So i'-i 


1'rri. 


i ■. 


/■'<Tl. 




t'tet. 


Prtt. 


t'ctl. 


Viet, 




is. i w 


1 084 


MM 


U. )^K 


II.ihi.IT 1 1', 1 ; is 


2. 1 018 


0.8888 


2.tSfi(l 


-I-0.25B4 


II 


0.8091 


!..".2(S 


S.fiao 


0,152 


o.uo47i(iua 


2.5096 


1. 1)120 


2.4l:iT 


+ (P. 12 HI 
— 1l.n1 Ml 


c ...-• 


II ll.'iKl 


l.'.i-'.ii 


2.809 


n. ■■ .. 


0.00242718 


2.4105 


UWS2 


2.1221 


11 


0.31 w 


i.iws 


I.SWI 


0.158 


0.00234192 


1.(528*1 


0,8 ; 


1.0082 


— 0.0440 


i: 


ii.:;|ii.i 


1 SUB 


t.610 


Q.103 


0.00234102 


1,6(180 


0.861)2 


LT'.i.vj 


+ 11.11078 
-i 11,1)028 




n sum 


1.657 


1.8110 


0.220 


0. 002841 02 


I:(l8B8 


o.o;:n7 


U840 




0.4451 


1.B37 


l.DIO 


ti 283 


11.11(12". 1 102 


2.U&07 


0.9068 


2.084! 


| 8,00(10 




0.7947 


2.1-11 


2,53 1 


0.314 


0.(10231482 


2.6330 


1.1418 


2.5491 


— 0.0101 


I 


0,W 18 
I.US10 


2.:;22 
2.422 


2. T.V.i 
2.884 


0.842 
11.858 


0.00281488 
0,(10281482 


2.11787 

2.s:!24 


l.ldT'.l 
1.22M", 


2.7618 
2.8840 


— 0233 

— 0.0010 


K„. 




l.m;:.". 


•J. 102 


2.034 


asm 


0.00281 182 


2.shs;: 


1 ,2 108 


2.8H2I1 


-1 n.(tiP"i7 


M 


ii nil;'. 


1.074 


1.21ft 


0.18(5 


00(157870 


0.7940 


ti, tSOQ 


0.7407 


-f 0.O5S8 


.\ ,.. 


1 1. 3" 1 1 


1.816 


1.510 


0.180 


0.00067870 


0.80S4 


asaoo 


O..S7I2 


— 0,0(188 




ii..;::] I 
0.2721 


LJSfi 
1.582 


1.(1(51.1 
1.887 


0.200 

(1.1(1 


o.oww>r*tro 

(1,(111218341 


I.OWfl 

l.T'.Cr. 


0.8021 
(V.IV.I8I 


1.0016 
l.ASDG 


-| 0.0845 
+ 0.1771 


V. 




o B8u8 

11.2721 


1.582 


2,120 
I.^sT 


tl.'>| 

11.111 


0.002188(1 
0.00107(148 


2..".] 211 
1.2*11" 


l.llHOS 

0.5744 


2.IHI! 
I.TOS2 


^-0.0815 

-+ 0.0OB1 
-)- 0.0248 
-) 0.0O60 






U.3778 

ii. (' 63 


1.5S2 

1 582 


1.894 

2.n«fi 


U.117 
0.1(18 


II.WOTOS22 
(I.ikkiTi K22 


(i.ei8*i 

1.0717 


ii.' ii,; 
0.0285 


(1,7014 

1.0688 




V 


ii BUHI 


i . • ■ • -: 


2.318 


0.'i&0 


00070822 


1.25S5 


0,7444 


1,8)10 


— o.o.-,2.-, 




0.8)07 

n ,,li:; 


1.582 


2.f.S)l 


0.813 

(i.24a 


0.0ll(l7OR22 
(MMIUfOTA? 


1.8611 

ti. I(i77 


0.8453 

(i.(22ti 


1.4928 
n.l2'.i7 


—0.1117 

— 0.02211 






U2&W 


1 132 


. i . 


O.U'.ll 


O.QOU107(i7 
Sum 


U..">t»',2 


I).,j l .i2."j 


0,6626 


—0,1564 


89.3702 


88.1882 


1.2788 



I3ut to return to tin.- »ii.scussion of the errors of the several formula 1 , tis shown by 

the table preceding the last. Of all these formulae. Mr. EUetfa alone ..... 

i " ii j- ■ ti ii i • i All the old 

was deduced esjiecially lor rivers, tor all except ins, therefore, the formulas except 

excessive errors exhibited by this table are considered conclusive as to Mr - E11 ^t's, are 

,. .... a i i , mi to be rejected 

their HGU-uppUcabUl\Y to water Bowing in natural Channels. 1 he without further 

tlieoretical errors ill Mr. EUets formula, exposed in Chapter HI; its triaI - Reason 

. , r. , , ., , for excepting his. 

non-aecunlance with curelul observations on small streams, as reported 

by Mr. Stevenson ; and, above all, its non-accordance with the above observations upon 

1 1 if very river fof which it was deduced, would seem to justify its rejection without 

further trial. This has not been deemed proper, however, because the rejection of this 

formula necessarily destroys the b;isis of some of the most important practical con- 

elusions of Mr. Kllet's report, U has, therefore, been decided to apply to it, as well 

as to the new formula, the other, severer tests, which are considered essential before 

trusting to any formula where Interests involving so many millions of dollars are 

concerned. 

The second test is very severe and applies equally to the mean- 

velocity and bend formulas. It consists in computing, by equations (36) Mean- velocity 

and i .!■'')■ the fall in water surface between those points oil the Missis- and bend for- 

i ■ , ■ i . r i • i ., j . i.i mnlse both to be 

sippi and its tributary streams for which the necessary data and the tested by com- 

j'c:il difference of level are known. These data are the mean dimen- puting the mean 

sioos of cross-section, the discharge corresponding to the known fall in ^teAVrface in 

water surface iiiil the value of >in,- a for the distance considered. the Mississippi 

For the Mississippi river below the mouth of the Ohio, the first two tlin'of'its^ribu* 
of these quantities have been determined with tolerable exactness, at taries. 
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Data for the both bigh and low water, by the operations conducted during the years 

river. Law re- 1851 and 1N5S. The method of computation by which they are de- 
fecting the rived from the observations, as well as a full discussion of the corre- 
quan i y Bin. it. s p 011( jj n g slopes n f the water surface, will he found under the proper 
headings in Chanter II anil Chapter VI. The values of sin." a have heim carefully 
deduced from the best maps extant, viz.: from Fort St. Philip tu New Orleans, on Cap- 
lain Hughes' map; thence to lied river, on the original large-scale maps of the Delia 
Survey; thence to the northern boundary of Mississippi, on La Tourrette's map; thence 
to the northern boundary of Arkansas, on Lang'tree's sectional map; thence to the 
mouth of the Ohio, on Ilutawa's State map of Missouri. As a rough test of the ac- 
curacy of these measurements, which are somewhat delicate, it was reasoned that, as 
the value of the sin.* a depends upon the number ol' bends between the points con- 
sidered, it should be approximately proportional to the excess of distance by the river 
over that by an air-line. Denoting this quantity expressed in miles by M, it. was 
found that with a coefficient of 0.34, giving the equation — 

Sin. 2 d = 0.34 M . 

a much closer accordance with the measurements was secured than had been antici- 
pated. It is very probable that a still more accurate formula might he deduced of the 
form sin. d = v (M), but as the subject has little practical importance it was not 
pursued. The following table, comparing the measured values of sin." & with those 
computed hy the above expression, is given as an illustration that, so far from being, 
as often declared iu popular writings, a river without rule or beyond the restraint of 
law, the Mississippi is in reality con trolled bylaws that can bo expressed in simple 
algebraic formula 1 . 

f 'nr ratun ■ of tin- Mississippi. 



UxMltlj 



i 'iiiiti in Columbus 

Cut Ihis In \li'ln|i|iis 

Memjihia '" m-leim. 

Ili-Li'im Ili Xupnk'oii ■ 

Nn|MiU:iiH io f.tikc Providence..., 
Lake frorideno* tu Vii-Mmtg. 
\ ii-k*lnir£ In New Cjirllmgu ..... 

NSW I'rtrihnjji' In Nril<i!)« 

Ndtchea la ded river.. 

Red rivi-r in Union Rouge 

Baton Rouge in M m itdsonTifto. 

Doiiu'ilsouville in i 'a million 

('jin-iilli.iri Im poD Si, Philip 
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— I.U7 
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Besides the data for the Mississippi river just indicated, I he operations of the Sur- 
vey furnish the means of extending the test to bayou La Fourche and bayou 1'laque- 
inini" in the manner now to be explained. 

The total fall of bayou La Fourche from Donaldsonville to Lockportj at the high 

Data for bayou Water of 1851, was determined with accuracy, A close approximation 
La Fourche. to the corresponding mean area, width, ami perimeter of the bayou was 
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had by taking a mean of the sections made in 1851, at Lockport, Thibodeaux, P;iin 
(!mirt. and Donaldson ville. The high-water discharge is about 11,500 cubic feet \v r 
second, as shown by the measurements at Donaldson vi lie so often mentioned. The 
distance and sin.- d were taken from Powell's map of La Eourche Interior, drawn on 
the sc;de of 1 ineh to the mile, which is sufficiently large to insure all needl'ul accu- 
racy. 

The Comparative level of the high waters at Donaldson vide and Lockport for the 
years 1851 and 1858 was also found by exact, marks; but, a crevasse which occurred a 
short distance above Lockport on April II, 1858, so lowered the water at that place 
that it did nut subsequently attain tbe level of April 11, although the bayou at Donald- 
son ville rose 1,6 feet between that date and May 10-11, when it stood at it-* highest 
point for the year. The actual [all on April 11 was S 1'eet; being equal to 11.9 (the 
fall in 1851). less 1.9 (the high water of 1858 being 0.3 below the high water of 1851 
at DonaldstrtiviUe). less 2 feet (the elevation of the water on April 11, 1858, above the 
hbdi-watcr level of 1851 at Lockport). As the cross-sections at Donaldson ville and 
Lockport are the only ones known on April 11, a mean between them is taken, in de- 
termining the area, width, and perimeter, to correspond to this fall. The values of the 
sin.- & and the discharge are found as just explained for 1851. 

The fall of bayou Plaquemine at high water in 1850 and 1851, between Plaquemine 
and Indian \ 'Mage, was determined by this Survey by careful levelling 
bei ween accurate marks at the two localities. The corresponding dis- pfa^mrae!™ 11 
charge of the bayou results by interpolation from the measurements 
made when the bayou was 0.0 and 0,3 feet below the high water of 1851. The dis- 
tance and sin. 1 ' A have been exactly measured on the transit-sheets of the Survey. To 
find the mean area of cross-section is a more uncertain matter, since no sections were 
made except near the mouth. As an approximation which is, probably, sufficiently 
exact it has been assumed that the same ratio exists between this measured area at 
I lie mouth and the true mean of the bayou as between the corresponding quantities in 
bayou La Kourche. This gives, lor the high-water area in 1851, 5700 square feet 
instead of 0175 as measured at. tbe mouth. On March 12. L851, Mr. Eliot measured 
the slope of the water surface from Plaquemine to a point just above Indian Village 
(exact distance 8 nub's). These data, wliich were not published, may he found on file 
in the Bureau of Topographical Engineers, War Department, Tbe levelling was 
appnrently done with care, cheeks on the water surface being made every mile; and 
it has been accordingly used as a lest of the, formula, the values of the different 
variables being foftttld in precisely tbe same manner as 'for the fall at the high water 
Of 18511 and 1851, just detailed. 

As already explained, this test has been applied to the new formula 
and to that proposed by Mr. Eliot. As he intimates that he allowed ^Jfftoifr. 
fot bead-effect in deducing his coefficients, no separate computation on fillet's formula. 
that account is required with his formula, Hy it the value of A is — 

The followin*' table exhibits the data and the results of the test. Its severity is 

41 
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Result of the evident when it is remembered that the formula 1 give the fad par foot. 
and true "leSif- nml tmit ' consequently., tlie discrepancies shown in the columns of 
eaiice. errors are really the products of the errors by the number of feet be- 

tween the level-stations. It must also be borne in mind that the 
formula; do not require a change of level in the surface of the river, independently of 
the bottom, equal to the amount of the discrepancies, but only that the whole river, 
surface and bottom, shall be raised or lowered so as to affect the total fall by the 
amount of the discrepancy, without at all changing the present dimensions of cross- 
section. 
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While it is conceded that some uncertainty exists as to the degree of exactness 

m , ,. with which a few of the values in the above table of data have been 

The discrepan- 
cies of the new determined, 3'et, taken as a whole, the test must have great weight 

formulae, small ev( , u >v I tli the most sceptical. While it indicates that no confidence 

as they are, are L , . 

not necessarily whatever can be placed in the results given by Mr. ralet s lormula, it 

errors. confirms in a surprising manner the exactness of the new tbrtuuHe for 

this class of streams. The errors of the latter, small as they are, can in some eases be 
explained. Thus the real fall between Uonaldsonville and Lockport at high water, 
1851, which the new formulas make 1.0 feet greater than was observed, was affected by 
certain small crevasses between those localities, and probably to about this amount. 
That is, if they had not occurred, the increased area of cross-section would have made 
the indication of the Ibruiuke approximate more nearly to the real slope. The dis- 
crepancy in the fall at low water between the Ohio and Arkansas rivers may be due to 
the effect of the sand-bars. But a discussion of so small errors is needless. 

The third and last test consists in applying the formula in certain cases, where all 
the quantities invulved have been measured, to the solution of the 
last test. grand problem for which it was especially deduced, namely, to deter- 

mine how much the surface of ft river will be raised at a given locality, 
where the cross-section and discharge are known, by the addition of a given quan- 
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tity of water. This problem, from its importance, requires a separate division of the 

chapter. 

Ejfect produced upon the fturfaw Icml of a river hy variation in discharge, — Tliia 

subject is very simple, as treated by Dubuat and most other writers, 

. ' ^1 ii i i i Tl -ii i New solution of 

because they assume the slope to remain unchanged. It will soon be the problem, 

Bees that this assumption is inadmissible, and that the question be- supposing the 

ii t-> » • • f . i new slope to be 

comes, in consequence, a very involved one. But, waiving for the k n0WI1 , 

present the question what the new slope is, or rather assuming fur the 
time that the new slope is known, the remaining part of the computation will be ex- 
plained. 

The following method is considered an improvement upon any heretofore suggested. 
It consists in deducing algebraic expressions for the new area, width, and perimeter 
in terms of known quantities, and of the rise or fall is feet produced by the change in 
the discharge. This rise or full In feet will be called x. Designate by a t , p,, W,. Q 
and i" . the 'dveu area, perimeter, width, discharge, and mean velocity (the latter being 
the quotient of <l by <>,), and by % t p t/ , W„, Q„, and l> tf , these quantities after the 
change in the discharge, Lets, be the primitive slope, computed from the given data, 
and ft he the new slope, supposed for the time to be a known function of \ and x. On 
figure *. plate III. let E D 1J F denote the curve of intersection of the natural bank 
and the plane containing the soundings, G Ii being the water surface before, and II. D 
the same after. a certain increase in the discharge. It is evident that a straight line 
A Bean always be drawn, which shall coincide sufficiently for all practical purposes with 
E D B F within the limits considered. The line B C represents X. Denoting by a- the 
angle C li D and by h t the corresponding angle at the other bank of the river, the fol- 
lowing expressions can he readily deduced from the trapezoid representing the increase 
Of area due to the rise : — 

a „ <», + ■* ( W, + jar [tan. + tan, gj) __ 

Pit + W " p + w, + aflan. 9 + tan. 9 t + — .- + -^-A 

' ' T * \ COS. # COS. HJ 

W, / r W, n- 2 (Q„ - *a »,) )* 

• '■ " ' tan. 9 +■ tan. *, + \ Ltan. 3 + tan. #,J + t-„ (tan, « + tan. »,) } 

lu general, unless a very great change in the discbarge occurs, the hanks may be 
assumed, without sensible error, to be vertical, in whieh case the above expressions 
become — 

(49) * - w,v ti 

Bv the aid of these equations, the method of successive approximations, which is neces- 
sary to avoid an equation of a higher degree than the second in solving the problem, 

becomes very simple. Let a value of x be assumed, and Pf> %' v „ ' » equation (46) 
or (IS) be computed. With the value thus found, and t t - t r u can be deduced by equa- 
tion (41) ; or, if tlm stream be small, by equation (40) or (39). With this value of o«, 
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let x be computed by equation (47) or (49). ff the value thus Found is the same as that 
assumed, no change is required. If it differs, the operation should In. 1 repeated, assum- 
ing new values of ;r, until a sufficiently close approximation is made. 

The new slope (**,) is now to be discussed. It must evidently I"" ft 
Mwllope! °Vts e Unction of the primitive slnpe (*,) and of the change (x) in surface 
value cannot be level produced by the change in the discbarge. The subject would be 
deduced for any [ .<, mn ,; init j ve ty simple, so far a> the practical problem IB concerned, if the 

ity by noting the slope in long distances only was to he Considered. Ihil even then it is 

change in the evident, from the following considerations, that different rules would be 
mean slope for , \ ,,,_ ° ' . ....... 

long distances. required lor different parts of the Mississippi river. 

While the level of the gulf is not sensibly affected by a flood of the 

Mississippi, the level of the water surface in the channel of that river is raised by an 
amount which increases nearly proportionally with the distance from the gulf until a 
point near Natchez is reached, where the range from extreme low to extreme high 
water exceeds 50 feet. For any point in this part of the river, therefore, the new mean 
slope, is evidently equal to the primitive mean shqw increased hy the fraction — 

.r 
Hist ii nee in fe^t lo unchn lining n ater lerel 

Between Natchez and the mouth of the Ohio, however, totally different conditions 
exist. The extreme range at these two localities is about equal, and there is, there- 
fore, no sensible difference between the mean slope of this portion of the river at high 
and that at low water. If intermediate points arc considered, however, even this rule 
fails, since the range, affected by local causes, is not uniform; and hence, for some long 
portions of the river between these localities, the mean slope at high water is greater 
than at low water, while, for others, directly the reverse is the case. No general rule, 
therefore, can apply to this part of the river. 

Even if a general rule, governing changes in mean slope for long distances, could be 
deduced, it woidd have little practical value in discussing the levee question, because 
the variation in the quantity of water added at different [tarts of the river is so great, 
that a knowledge of the mean elevation of high-water mark In long distances would 
not be sufficient to solve the problem. It. is apparent, therefore, that the laws govern- 
ing local changes of slope must be ascertained, in order to fulfil (he practical require- 
ments of the Survey. 

Home important information respecting changes of local slope may be derived from an 
inspection of plates XIV, XV. XVI, and XVII. For a given stand of the 
Experimental ^ver, va rial ions in discharge can only be produced hy variations in 
laws which slope, since all other quantities which influence the How of the water 

fions' 11 ltS vana * remain unchanged. The practical effect of variations in the slope upon 
the discharge, amounting at Columbus, for some stands of the river, to 
400,000 cubic feet per 9&007ld, or about one-tlnrd of the usual flood discharge of the river, 
is apparent to the eye. By critically studying these three diagrams, the following 
general laws are perceived; First, the absolute value of the slope at any given stand 
of the river may be very different for different rises. This is especially true when the 
river is above mid-stage. The variation is much greater in the upper than in the lower 



EXPERIMENTAL THEORY OF WATER IN MOTION. 825 

part of the river. Second, the slope increases during a rise. The rate of this increase 

does not differ very much for different rises, hut is generally more rapid, the higher the 

sta< r e attained. Third, during any given oscillation, the slope is much greater when the 

river is rising than when it is falling, hut the two parts of the curve formed by plotting 

this slope with respect to gauge-reading are nearly parallel, Fourth, the maximum 

discharge for any given rise usually occurs when the river is a little helow the highest 

point attained during that rise. 

The explanation of these facts readily suggests itself. When a tributary discharges 

a sudden Hood into the Mississippi, producing a rise, the water thus 

1 .1 i* • l i -i Explanation of 

added moves toward the gull in an immense wave, whose convexity th £ mi 

depends upon the amount of water added per second, and upon the 

staee of the Mississippi above and below the mouth of the tributary. When this 

wave is passing a given locality, the local stupe will he determined by this convexity. 

\s Ion" as the river is vising, the top of the wave has nut yet arrived, and the slope, 

and hence bbe discharge, at any given stage of the river will have its maximum value 

fur that oscillation. When the river reaches its highest point, the top of the wave is 

passing and, the slope being less than before, the discharge must diminish. When the 

river is falling, tin- rear of the wave is passing, and the stupe, and hence the discharge, 

:it any uiven stage, will have its minimum value for that oscillation. Since the wave 

(see the gauge curves on plates V, VI, VII, VIII, and IX) has a tolerably regular 

form, the dailv change of slope in rising and falling will lie simitar for any given stand 

of the gauge, and the two parts of the stupe and gauge curve will thus be parallel. 

Lastly since the channel of the Mississippi is a vast reservoir, the wave gradually 

loses its convex form by diffusion throughout that channel. The slope in the tower 

parts of the river is, therefore, liable to comparatively little fluctuation, being governed 

by the gradual filling and emptying of a reservoir, rather than by a succession of 

waves. 

This experimental theory to account for change of local slope suggests the proper 
method Of treating the subject algebraically. It is evident that, when 
n expression for 'the increase of slope between the Foot and the top SgJ^SK 
of a rise has been found, it may be applied without sensible error to in local slope, 
any part of that rise except near the top and near the bottom, since the ^wSwg* 
rising and fal I in-.' branches of the envvv are nearly parallel. Near tbe Columbus. 
top and bottom, the branches of the curve turn to unite, and the change 
of slope becomes too involved for algebraic analysis. If, then, a general expression for 
the increase of slope between the foot and top of rises at all stages of the river can he 
deduced for any given locality, the problem is solved for that locality. There were six 
Well-defined rises at Columbus during the continuance of the discharge measurements; 
and. as that station is situated where the "wave" system is in full force, the general 
algebraic laws governing the change of slope can be more readily deduced for that 
locality than for places lower down the river, where the problem, although really 
,nucb simpler, does not admit of so close an analysis. Columbus, therefore, was first 
selected for study. Tbe data furnished by the six rises will be found in the following 
table : — 
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Variation ha toco I -"lope <tt CohimLus. 
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A diagram was first made by plotting the slope* ns abscissas and the gauge-readings 
as ordinates, and connecting the points indicating the tun and bottom of each of (lie 
different rises, respectively, by a right line. Tlie.se lines were not parallel, showing 
that the rate of increase of slope varied for the different rises. To ascertain whether 
this variation was normal, six lines were drawn through the origin of co-ordinates 
parallel to those just named. The acute angles which these lines made with the axis 
of X were found to be less for rises in high than in low stages of the river, indicating 
that the rate of increase of slope was greater for rises lq high than in low stages of the 
river. To determine whether this variation followed any algebraic law, a curve was 
constructed, whose onlinates were the elevations of water surface above dead low water 
(gauge-reading minus 5,7 feet), at the top of the different rises, and whose abscissa* were 

the corresponding values of "——-'the natural cotangent of the acute angle which 

tin 1 Hue denoting the increase of slope makes with the axis of X. The curve result- 
ing from connecting these points must evidently pass through the origin of co-ordinates, 
a condition which adds another to the known points, besides simplifying the equation. 
This curve was found to bo smooth and regular, being very nearly a parabola whose 
equation is — 

S " — s / i i \ -• 

~^r- = 2 p (o + .>■>-■ 

in which 2 P is a constant and in which & denotes the elevation above extreme low- 
water mark of the primitive surface of the river. By reduction, tins equation can he 
put under the form — 



(50) 



«* = *, + »p i e + ■•')'•'' 



Since this equation is nothing but an algebraic enunciation of the general laws 

This equation ia "^•d 1 " 1 h Y P !ate9 XI ^> XV and XVI. 2 V may reasonably be supposed 

general. Method to be a function of the range of the river, of the dimensions of cross-sec- 

of deducing the Hon, imt { ( ,f the convexitv of the Hood "waves." If this be so, the 
numerical value ,. . , . . ,.. 

of 2 Pfor any equation is general and can U- made applicable to any particular locality 

particular local- where e is known, by substituting the local value for 2 P. The data 



EXPERIMENTAL THEORY OF WATER IN MOTION. 



327 



collected at Yicksburg and Carroll ton demonstrate the correctness of ity. Its value 
this inference, as will soon be seen, and thus establish that one general *°f Columbus, 

* , ■ * < * i | * | | * ■ * I*-' **S v 111 i^ , it lit* 

law governs the variation m local slope throughout the whole river. Carrollton. 
The numerical value of 2 P for any particular locality can lie readily 
computed, provided c, the gauge- reading, the cross-section, and the discharge at the foot 
ami tup of any given rise be known; or (since the rising and falling portions of the 
slope and gauge curves are parallel to each other and hence to their mean line) pro- 
vided the above quantities be known at any two times between which the river is 
either rising or falling uiii/onnltf. In either ease, the reciprocal of 2 P is equal to 
the quotient arising from dividing the difference between the two computed slopes 
[ IV „ fa 4. x y\ For Columbus, its value proved to be 0.0000000015; for Vicksburg, 
(U I0O000OO12; and for Carrollton, 0.000000015. 

It is needless to give separate tables exhibiting the tests of equation 
(50) with these several values, because its accuracy is necessarily proved 
by the satisfactory result of the final test which is now to be applied to 
the new velocity formula. Should it be desired, however, to discuss 
the subject mure fully, the preceding and following tallies of data and tioa if desired. 
the Appendices afford ready means of so doing. 

As this third test of the formnhe involves identically the same 
computation as that which will hereafter be applied to solving the 
great practical problem of how much the high-water surface of the 
Mississippi will be raised by perfecting the levee system, the process 
will be recapitulated in detail. 

Fur the new 1'ormuhe, s t is computed from the given data by the 
following equation, in winch z, = 0.93 0, + 0.072 \\> : — 

fat + W,) vV 

(86) 8 <= { Vm^~ )' 

A value of x is next assumed, and the numerical values of the first members of the two 
following equations an- deduced, 2 P having its proper local value:— 



The data are 
furnished for 
the further 
prosecution of 



Recapitulation 
of the new me- 
thod of solving 
the prohlem, 



With new for- 
mulas. 



(48) 



a tl a t + W, x 

1 



(60) «, = «, + 2P ('' + x ) z - r ■ 

With these values, % its computed by the following equation:— 

(41) ».= ([^«.%^ T ,]"-C-03SS)'- 

With this value of >\. the value ot« is computed by the following equation:— 

t*« — «/ v « 

(40) X = ~W,^ ' 

If this value is identical with that assumed, it is the true value sought; if not, the pro- 
cess is to be repeated until such accordance is obtained. The true value of x is always 
intermediate between that first assumed and that first computed, and a few approxima- 
tions will give the result with any desired accuracy. 
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In applying this tost to Mr. Ellet's formula, a difficulty has arisen in respect to the 

value to he adopted for the new slope. He gives no rule whatever, 
With Mr, Ellet's , • .■ i „ . i ±.„ ni . . n ■ ,, , ,. 

formula mit ' m a practical exam pit- to illustrate Jus method "t computation, 

increases the fall per mile by an amount equal to the quotient of the 

increased elevation of water surface by the distance to the gntf. Equation (50} cannot, 

without a change of constants, be used with his formula, ami it has therefore been 

thought best to adopt the plan indicated in the example given in his report. The 

process of computation, then, is this. From the given data, II, is computed by his 

equation — 

A value of x is next assumed, and the numerical value of the 15 ret members of the two 
following equations deduced; L representing the distance in miles from the given 
locality to the gulf: — 

n = n, + £> 

A, = A + .'■• 

With these values, v H is computed by his equation — 

v ti = 0.64 (A H,)K + 0.04 A H,„ 

With this value of v H , the value of a; is computed by the same general equation as with 

the new formula (equation 49). If tire resulting value of x is identical with that 

assumed, it is the true one. If not, the process is to he repeated with new values of .<■ 

until such accordance is obtained. 

The following table of data has been selected from the Appendices 

R** j ! or t tlie T. & r this test. It will be seen that every well-marked rise is included, 

third test. Re- . ■* 

salt for the new reckoning trom its day ot lowest to its day of highest gauge- reading. 

formula; and for The other data, which can be increased at will from the Appendices, 

those of Mr. , , , . , ,, , . . «, ,,. 

EUgt. nave ocen taken at random, when the river was rising or Jn/iiin/ at a 

tolerably uniform rate.. Near the top or the foot of rises, as already 

intimated, the change of slope is so irregular that it can hardly be computed. 
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Teste for the formulie for oscillation caused by varirttloti in tUmliargc. 
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Tli is table funii'Shes the crowning proof of the exactness of the new formula; as 
applied to water moving in natural channels. Joined to the two pre- 
ceding tests, it establishes beyond reasonable doubt, first, that the same remarks 
laws govern the Aow of water in the largest rivera and in the smallest 
streams* second, that the new forrculaa truly express those laws; and, third, that tbe 
formula 1 heretofore proposed do not express them even approximately. 

Tin* connection of the subject with such vast interests as those involved in the 
protection of the alluvial region of the Mississippi from inundation, has exacted the 
utmost care in its treatment. The measurements have been made with the greatest 
exactitude; experiment has been multiplied; the most rigid scrutiny has been exercised 
in tbe application of mechanical principles and algebraic analysis to the phenomena, 
and the newly developed laws are thus accompanied by a weight of evidence that 
establishes their truth. The formula) by which they are expressed are therefore entitled 
to the confidence of practical uicu. 
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CHAPTER VT. 

PROTECTION AGAINST THE FLOODS OF THE MISSISSIPPI. 

Plan adopted fur measuring the effect nf t?ip swamp lands upon (lie mnxirrmm discharge of (he river. — Daily 
discharge of the tributaries, (if the crevasses, And of the Mississippi itaslf, thn>ityl»>ut llie alluvial region in 
the flood of l*5tf. — Test of the exactness of the determination. — IOi!W*t of the nrarape upon tlm discharge of Hie 
tributary streams.— Peservojr influence of the channel.— Whal Would have been Mn- mu.vimnm discharge thrimgh- 
imt the uliuviiil region in 1888, hud the twees been perfected.— BBS K t »f the swamps upon the river 
flood* in their present, their former, and their effect (tally lowed condition*.- I tanparAtire Analysis of the flood of 
1858 with the Bonds of IBM, 186V I860, tvud !S'28, — Flood of 18W a soft standard 1W es<iinmtinj: the proper 
extent, and comparing the relative advantages, of the different, protective miSflSttreiJ.— Cul-dlls pernicious in tile 
Mississippi volley,— Plan of diverting tribuinries Impracticable fur the Missouri, the Arkansas, Die Red, or 

other branches. — Plan of artificial reservoirs chimerical, BO far us restraining floods i-i ooncCT I.- Outlets 

highly efficacious in redlining tlie river fiends, but, except to n very limited extent, destructive to the groat 
interests nf Louisiana. — Plan of levees the mft»1 practicable, ei-nnnirneul, and safe tliat can be adopted, both IV 
flu' prevent time, and hereafter. — Recommendations. — Proposed local heights and croa&rsectiosi to be given to 
the levees.— Suggestion relative to on nutlet near Luke Providence.— Cost of a perfected tevec system. — I tupurt- 
auce of a systematic and continuous scries of observations. 

Entektaining the opinion that a long series of observations must be made before 

the various phenomenaof the Mississippi could be subjected to accurate 

porittwtiftB calculation, a plan of investigation was adopted fee more extended than 

agaitist inunda- any previously attempted upon any river. It was. ha brief, to measure 

tion required, j u j] x vv ^ n i accuracy the discharge of the Mississippi, and of its iniport- 

for a double rea* " ., . * , . ° „ . , . " . . , 

son, a very ex- ant tributaries, throughout the alluvial region; to ascertain precisely 

tended system of how much water escaped ill time of flood from the channel, nntl tit 

field operations. , ,. , « ., , ... , ,., ,, , 

what points; and thus to determine Inr any locality the increased 

discharge at high water which would have resulted bad the river been milliard 
to the channel. The operations necessary to carry out this plan, it wax conceived, 
must furnish the mass of material essential t<> establish the fundamental principles 
of the .science of river hydraulics. After accomplishing this, and deducing the in- 
creased high-water discharge to be guarded against, the problem of the best method 
of preventing inundations could be subjected to the exact reasoning of algebraic 
analysis, and thus be definitely solved. 

One reason has '^ 1{i Contributions to the science of river hydraulics, resulting from 

been already the application of this system, have been elaborately stated in the 

the results ofthe preceding chapter, where it is deii must rated that all knowledge re- 
investigation quisite to accomplish the objects of the present investigation has been 
announced. Becured. 

The maximum Hood discharge which would occur at any point below Cape 

Girardeau, were the river confined to the channel, is now to be de- 

now to be tennined. The mechanical operations in the field, and the reduction 

considered. of the data collected, have Ijoth been described in dettiil in Chapter IV. 

( 330 ) 
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All data neeeasasy to an entire recoiuputation of the* work bave been presented either 
then- or in the Appendices. Here, then, the attention will !>e restricted to the final 
results of operations and computations, which involve an amount of labor that few but 
those engaged upon the work will appreciate. 



EITIXT l'RODCCKD I'WH THE MAXIM l*M DISCHARGE OF THE MISSISSIPPI BY RECLAIMING ITS 

SWAMP LAKHS. 

U has been already stated that extensive gaugingfl of the river were made in ISol 

and I80S, both of which, fortunately, were great flood years. In the „ ,. 

r. n „ i t j a • ni u •,• ] 1( L ■ 10-0 Outline of the 

histories of the Hoods contained in Chapter II. it is shown that m looo s t ep3 proposed 

much the more general and extensive inundation occurred, and, more- for the iuveati- 

over that in that year the system of measurements extended over the 

whole alluvial region of the Mississippi, while in 18-31 it was not carried out above the 

munch of Red river. The operations of 18-j8, then, form the basis of the discussion of 

what would have been the maximum discharge at the different localities below Cape 

Girardeau, had no water escaped from the channel of the river. Having settled this 

important question for the Hood of 1868, the other great iloods (where the data 

admit of it) will be subjected, in turn, to a comparative analysis, in order to decide 

wltat uuiv safely be adopted as the increase in maximum discbarge to be guarded 

ivainst when the whole river is confined to the channel. This quantity will then 

form the touchstone by which the different plans lor protection will be tried and 

their merits a seer tallied, 

AiwJy&is <>/' flit flood of 1858. — The plan of operating from the bead of the alluvial 

re-ion down wan) was matured in the autumn of 18o7. Tiie parties 

r t 1j " . Fortunate com- 

Were organized in December, uwlvt the immediate direction ot Lieu- mencement of 

tenant Abbot, and were BOOH established at their several posts. It was field work in 

fortunate for the objects of the Survey, that one of the greatest floods 

ever known in the river was thus subjected to exact observation from its beginning to 

its end. 

Daily gauge-readings were recorded at Cairo, Columbus, Memphis, 
Helena, Napoleon, Providence, Vieksburg. Natchez, Red-river landing, 
Doinihlst.nvilte. and Curmlltmi. (See Appendix B.) 

The daily discharge of the Mississippi, at Columbus and at Vicks- Discharge mea- 

""..,, -i i a \ , , ,,,1;,- T.M surements upon 

burg, was measured with all pOSBlbife exactness, (bee Appendix fcj the Mississippi. 

During the flood-period, the daily contributions of the Arkansas, 

White, Red, and 28300 rivers, and the dally loss by bayous Plaquemine Upon tributaries 

. , . ■. ami bavous; with 

and La Fuurche, were determined with all requisite exactness, as ex- tMe Q J f re ; idts 

plained in Cliapler IV, They are exhibited in the following table. 

full verbal information of the action of the St. Francis river was also secured, as will 

be hereafter explained. 
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21 


10,000 

10,1 Kill 


28 


10,000 


2-1 


lo.ooo 


26 


10,000 


2e 


10,000 


27 


10,000 


28 


L 0,000 


29 


1 o.ooo 


80 


lo.oiio 


Mny 1 


10,000 


2 


1 0,000 




11,000 


4,..., 


11,1100 


5. , 


11,000 


e 


11,000 


p 

10 


11,1100 

ll.iioo 
11,000 
11.000 


H. 

12 

13.... 


11,000 

11,000 
li.ono 


u 

16 


11,000 
11,000 


10 


11,000 


17 


ll.OOO 


18 

19 


11,000 

10,0011 


20. 


10,001) 


21 


10,0011 


2 ,J 


10,0011 


as..... 


10,000 


21 


10,000 


25 


|O,IIO0 


27 


10,000 
10,000 



liny 



June 



.) iily 



IP.58. 



28., 

2ii, 

80„ 

31., 

1, 
•1 

':', 
■1. 

6. 
6., 
7. 
8. 

a. 

in., 
it, 
12. 

13. 
14„ 
I5„ 
16.. 
17,. 
18.. 
19., 
2i>., 
21., 



21.. 
25.. 
26., 
27.. 
>.. 
29., 
80.. 
!., 

4., 

5. 

6., 

7, 
8., 
».. 
in, 
11., 
12. 

la. 

14. 
15., 

Hi.. 
17., 
IS. 
19.. 
20., 
21,. 



28. 
24. 



28.. 
29.., 

.'in.. 
81.. 

August 1., 
2.. 
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irge per second of tributaries and dai/ous- 


-Continued. 










iii,,-. 


Rr-4 river. 


Yukou river. 


B*J(iU PJanUMBtM. 


CiMc/ut. 


Cubic feet. 


Cut"? feet. 


Cu/.ie feet. 


144,1100 


20,000 


112.111)11 


81,000 


180,000 


20,000 


11 2.(11 M 


31,000 


188,000 


15,000 


118,000 


81,000 


132.1 utO 


8,000 


1 1:',. (il III 


81,000 


1 811,01 in 


G.IKtll 


114,000 


81,000 


Mil. 1 


1,11011 


115,0110 


31,00(1 


1:18,11(10 





115,0110 


3 i,i 100 


1 16,000 





110,1100 


81,000 


156,000 


1) 


117,000 


31,0110 


142, III to 





1 1 7,0(10 


81,000 


i 44,000 





118.0110 


81,000 


1 16,000 





118,000 


81,000 


150,000 





110,111)1) 


81,itiiii 


1511,1 'Mil 


II 


1 1 !i,000 


81,000 


150,000 





110,01111 


81,000 


148,000 


n 


120,000 


82,000 


146,000 


tl 


12).noi) 


32,000 


M4.IIMII 


II 


122,000 


82,000 


14«,HiiO 





122,0(10 


82,000 


140,000 


I) 


1211,000 


82,000 


148,000 





128,000 


81,000 


148,1)00 





124,1100 


81,00(1 


T 48.1 ii 10 





125.0(10 


3V,()ii() 


148,000 





125.000 


81,000 


142,000 





126,000 


81,000 


140,000 





126,000 


81,000 


136,000 





127.000 


81,000 


138,000 


I) 


1 27,000 


81,000 


130,000 





128,000 


31,000 


134,0110 





128,00(1 


31,1)0(1 


134,000 





120.000 


31,000 


):;i,ikhi 





129,000 


31,000 


1.14000 


II 


180,000 


81,000 


184,000 





180,000 


81,000 


184,000 





181,000 


31,1100 


130,11110 





1 31 ,000 


31,1100 


188,000 





182,000 


31,000 


14i 1,(1(10 





182,000 


31,0110 


1 i2,IHII( 





132,000 


31.111)0 


141.0HII 





183,000 


31,000 


1 48, WO 


1) 


188,000 


31,0110 


1 7)2,000 





183,000 


31,000 


186,1)00 





134,000 


31,11011 


186,000 


II 


134,000 


31,1)011 


160,000 





135,000 


81.00(1 


100,000 





185,000 


81,0011 


]02.i" 11 





1 35,000 


31,000 


154,1100 


11 


188,000 


31 ,01 HI 


172,111 to 





186,000 


31. 0(ll) 


160,000 





137,000 


81,(1110 


164,000 





137, 


31,0110 


162,000 


II 


137,ooo 


81.IIOO 


1)12.110(1 


II 


188,000 


31.11110 


162,000 





■ 188,000 


31,ono 


168,000 





188,000 


31,0111) 


100 "<<•> 





180,000 


31,00(1 


1&8.IKHI 





186,000 


81,000 


154,000 


1) 


189,000 


31, (HID 


150.11(H) 







80.11011 


140,1(11(1 







80,000 


148,11(1(1 


II 




3(1, (KM) 


1 IH.OIIII 


II 




30,1 trio 


1 18,000 







30,000 


I (0,000 


1,0(1(1 




30,01)0 


140.000 


1,000 




30,0110 


148.000 


2. 111 ill 




20.11011 


120,000 


2,000 




29,000 


1 10,000 


2,000 




28,000 


102,000 


8,000 




28,0110 



333 



Bsiyou 1,4 Fixirche. 



Ctllkfeet. 
111,0(1(1 
111,01)11 
10,000 
10,000 
10,0011 
10,000 
10,000 
10,0110 
10,000 

lO.IKII) 

10,1)00 
10,(1011 

10,000 
10,000 
10,000 

11,1100 

10,01111 

Il,il(tO 
11,1100 
10,0110 

10,000 

111, III III 
10,000 
111,01)0 

10,0011 

10,000 

1 ii.ODo 

111, OIIO 
10,000 

10,000 
111,0110 
! o.OOO 

HI.OI 10 
I o.l (Oil 
111,000 
10,1)1)1) 
1(1,(1110 

111,000 

111,000 

III.IK 10 

10,000 

10,000 

Ki.iioo 
10,000 

lO.IHHI 

10,000 

111,0011 

10.0011 
10,1100 
10,(1011 
10,000 
1 11.0110 
10,1100 
10.1100 
111,000 
10,1100 
10,000 
10,1100 
10,000 
10,0110 
10,000 

10,000 

|o, 1 

10,000 
10,000 

lo.ono 

10,000 

III, 

111,0110 



:;:]] 



11 K P RT O N T HE MISSISSIPPI It I V E 11. 



Discharrje per second of trihatarfcf* mul hcapm — (.'on tinned. 



llod... 


ArWouKg noil Whit* 
firvn. 


lit-il ri\i r 


\. </.<*, iiv.-s-. 


u.n .<] l'|jM|it{-iiignt.-. 


lliiytji] J.,i tT.niiThi'. 


[86S 

o , 


Ciihii- fe.ct, 

<i i. lion 
s l.iioii 
72.HIM) 
67,01)0 
07,000 
'{.(mil 
59,000 
5(1,111 HI 
54,000 
52,000 
62,000 
:,j,ihio 

• 111, III HI 
■jit, 000 

-t-,OIIO 
-10. IHIO 

19,000 
83,000 


Cul'ir firt. 
$.000 
3,00(1 

1,000 

1,000 

■(.(ion 

.^OIK) 
5, ill HI 

;..iFim 

G,000 
ll.OOO 
11,000 
7, noil 
7,000 
8,000 
S,mm 
0,000 

'.1,0(111 

0,000 


Qu&cjut. 


C'lhtt ffrt. 

28, lii hi 
27,'ion 
27,oiHi 
20,00(1 
20,00(1 
2-"j,00II 
25,000 
21, noil 
21,000 
24, OIK) 
21.000 

2:"., IK 10 
23,0110 

22,1100 
'2'2, IHHI 
21, (KM! 

20,000 

11'. (100 


Cubic feet. 
'.i.ooo 

11,000 
U.OIHI 
ll.lKIO 
II.IIOII 
1I.0OII 

0,000 

11.1101) 

8,000 
8,000 

H, 0(111 

S.UOII 

s.ooo 
8,000 

K.ooo 

8.IK10 
7.0110 
7,imio 


8„ 


(1..,, 

10 

H... 

12 


13 

M 


16 

Hi 

IT 


}S 

19 


211 


'21 

22 



After the river fell, a careful and laborious reconnoissanee was made between Cape 

Girardeau and New Orleans, with a view to collect the data for com- 
Reconnoissance , _ ,. _. 

of crevasses; pining tlie daily discharge ot the various e rev asses lietween those places. 

classification of For the St, Francis bottom, the information thus collected, although stilli- 
cient fur all general purposes, as will he hereafter .seen, was too vague to 
be reduced to figures; partly, because the levees had been so slightly constructed that the 
crevasses were too extensive for measurement, and partly, because the system of swamp 
ridges diverted much water hack into the Mississippi at various places, thus greatly 
complicating the discussion. For all parts of the river below the St. Francis bottom 
lands, reliable information and measurements- were obtained] and the daily discharge 
of the crevasses may he considered well determined. This difference in the exactness 
of the data collected renders it necessary to discuss the flood in different parts of the 
river upon sonic what different principles. That portion lying between the head of the 
Yazoo bottom and New Orleans will therefore be first considered; and subsequently 
the region between Cape Girardeau and the mouth of St. Francis rivet'. 

The following table exhibits the most essential part of the data from which the 
Data for coraput- daily discharge of crevasses has been computed. It should be staled 
ing the discharge that there were several breaks in the levee upon the left bunk of the 
bctow theTo^th Mississippi, between the head of the Yazoo bottom and Helena, but the 
of St. Francis greater part of the water which entered by them was turned back 
mer " into the river by swamp ridges, partly through Mc Kinney's bayou 

and partly over the banks. The amount which eventually reached the great Va/.oo 
bottom from these banks was balanced by that part of the discharge of crevasse No. 1 
which returned to the Mississippi, from the same cans-, in the bend below. This cre- 
vasse may then be considered, tor all practical purposes, to be the first which discharged 
into the Yazoo bottom. 



PROTECTION AGAINST FLOODS. 



List of crevasses in flood qf!858. 



» 

11 

>- 

I a 

ii 

).'. 

in*' 

17 

ia 



Lucidity. 



Rink 

of 
river* 



.ln-t above Helens 

Ill miles below Helena., 



Just below No. -1 , — ■ ♦ 

.(njt below No. -I 

.lust above Delta 

Between Delta and Friar's Point.. 

Id Hnvse -shoe bend 

Opposite l 1" Island 88 

Opposite Island K4 

Oppnaiu Island '•>'> • 

Senr1V.nl ui" Island 'itf ..... 

Opposite bland R8 ... 

Near Concord i». 

Opposite fool of Island 74 

I mile below Helena .... 

I'.riween No. I "' and <Hd Town....) 

Opposite Island 68 

I mile below No. 1" 



J9J. 1 mile below No. IS. 



ii** ."i miles below Bolivar 

21 Opposite Island ?8. 

22 Opposite [slnnd SO. 

SI j Below fool ni Island cH 

!J4 American- bend crevassei. 

Opposite Islands 86 and ^7 

2(1 Opposite t'iioi of Grand Lake. 
•2~* .lust above Island Si 

2H J - miles shove ('.diimbia. , 

29 ' Above American-bend ent-off. 
80 i miles below Island 8*5 



:JI I mile above Louisiana line. 

(52 Above Tulltilii 

:;;; tbove Brunswick 

::i: Near Mainl Km 

".'i Itclinv Luke I'mvidenre 



HII J miles below Luke Providence... 
87)1 Sear Warrewnn 



Lett 

Lett 

Left 
Lett 
Left 

Lett 
Let! 

Uft 

l.i! i 

Left 

Left 

Left 

Left 

l.fl'i 

RlgJii 

Right 

Kighl 

Kight 

Bigltl 

l.ell 

left 
Left 
Lett 
Left 
Lett 

Left 

Right 

Bight 

Right 

Right 

Kigtit 

Lett 

belt 

Lett 
Kight 



Date ui 



Ik-glnnlng 

ni 
disclinrgy. 



Cawing 

dtieharge. 



1S58. 1*58. 
Msroioj July lit 

June 25 July 14 



i J une 25 
[Jane 25 
'.June 23 

[June IS 
Untie 20 
'June 25 
[April 23 

I April SO 
Ju tie 17 
June 17 
June Hi 

.lit ne 8 
July I 

kpril'T 

June 27 



JuU I'.i 

July 1-1 
July If) 
July 11 
July 18 
July 18 
.July 24 
J«ly2i 
July -11 
July 2,8 
July 22 
July 17 
July US 
July 17 
July III 



April I 



July 17 
March 2S, April 10 
April 13 
April l.'i 
April 17 
July 111 
July l!l 



April 5 

April 2 
April 5 
April i 

June 2.' 



May 10 
April 2 
April 8 
April S 

April S 
April I 
June l'i 
April 10 
March 23 
June 17 



an 

■in 
ii 

12 

ia 

44 

1.-, 



I miles below Baton Kotige, 
I miles below Vicksburg..... 



Just above Ellis'* cliff* , 

t mile below No. in 

Near Island I l(i._ 

Nenr Island Uii 



Right April 30 

Lett June — 

Left April II 

Right May 22 



Xeiir lied Church. 



l).."i of n mile above upper bound- 
ary of New Orleans 



(tight 
Kight 
Right 

aighi 

Uighl 



Right 



May 1 1 
. May (J 
May 10 

June 1 
I 

May 8 



April 11 



July 14 
April 15 

; April 15 
■July 20 
'.Julv 17 
j.luly 2* 
July 28 
[July 2W 
July 28 
Aug. UI 



Aug. 1 
April I '.i 
Aug. HI 

Aug. !l 
July 31 
Aug. 1.) 
Aug. 17 

Sept. 5 
Sept. 12 



Maximum 
width, 



7 I 



2,900 
3,050 

1,!>llll 

225 
1,1 H til 
7,iitin 
1,000 

I. Ill III 

21)11 
4,0110 

1,900 

1. i 

512 
1,080 
000 
20,000 
42D 
till) 

rso 

1,601) 
1,000 
300 
2,1611 
;t,41D 
8,475 

860 

12U 
bill I 
860 
150 

301) 

Ml 

BOO 

111, 

■HHi 



3,4-"' 
T,fi00 

210 

l.'i2 



300 
2,600 

loll 

sso 

1,050 



7:'.. 



fig 



Bed. 
8 



8 

25 
4 
A 
\ 
"> 
"i 
6 
4 
4 
9 
5 
7 

e 

i; 
7 

ii 
5 
3 

■1 
-; 



iteiiinrks. 



2u 



Two breaks. Hot tout ituteli and un- 
evenly washed, 

Kight breaks, separated by remains 
of levee. 

Two breaks. Rottoni much washed. 

Old buy on, 

Mntiy small breaks. 

Caused by fall of a tree. 

Supposed lo be out. 

Supposed lo he cut. Much damage. 

Three breaks. 

Many small breaks. 

Two breaks; one in an old bayou. 

Supposed to be cut. 

Flooded Helena. 

Many small breaks and gaps. 

Three breaitfl caused by old legs in 
levee. 

Three breaks caused by crawfish. 

Closed after April rise. 

Closed ;\fter April rise. 

1 Jlused afl er A prill rise. 

Three Creaks. Closed After April riso. 

Seven breaks. 

Caused by bunk caving. No exca- 
vation. 

Three small lirdlks. 

Closed after April vise. 

Closed after April rise. 



Murh excavation. 

Two breaks. 

Much exenvnlion. 

Caused by log in levee. 

Hole 23 11. deep, nearly whole width 

of break, and excavated from bank 

rearward several hundred feel, 
No serious exoavalioti. 
Water returned at once through Rig 

I Hack 11. 
Closed by Mr, Louis Hebert, Stale 

Engineer, La. 
Width Mav 24, 27, June 12, and Aug. 

Id, whs' 152, 185, a">, a ml 15^ ft. 

respectively. Mueli excavation. 
Supposed to be out. 
Caused by eavitig. 
Water relumed throng!) Red R. 
Three breaks. Water returned ; 

ihrougl) Hed 11. 
Width May '.* was 73 ft. (See figure ! 

(1, plate til.) 



(See figure 3, plate III.) 
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' ' | ,. ,i)i tin in |j 'ulM-'i'irt to aublbh (hm tbra u>w rvtnraol fully iu much WMor as iviim rscutved liy the re*i of tin- bruin, mid tie- wlwlo 
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:j;st; 



REPORT UN THE MISSISSIPPI BITER, 



Result of the 
computations 



Since the water lost through crevasse No. 37 returned almost immediately to the 
river, it had only a local effect and has not been computed. No, 38 was 
closed so soon that it had no sensible influence upon the river. The 
daily discharges of the others, arranged in convenient groups for dis- 
cussing the flood, are given in the following table. The computations have been made 
with great care, in accordance with the principles hud down in Chapter IV. Much 
assistance has been derived ('mm local information respecting the daily Stand of the 
water at localities intermediate between the regular gauge?, and it is believed that this 
table does not contain any material error. 



Discharge per second of ermmes. 



am. 


u 

V,|. Ill 11)11. 


Vi]-'l...'li 
U) 


u 

Vi.k-liuiL;. 


\,. 1 -Inifi; 

lu 
Villi..;'.. 


N.il.'lii/ 
lu 


lliil ftfM 

I.i 

l;l| L..L'|mj,. 


(top Sen 
OrlnUM 

in... i:„ 


['.i. ii- lash 


i,"ii twnk. 


High! b.mk LOt limit - 


Itiglil tank 


tuSI ).;n>k. 


Higlil bunk 


Etlgbl Inu ik 


Iti-lll li.rill 


infill bank 


1868. 

ai- 

2 


Vitjnt. 
so, 000 

39,000 
15,000 

I'.t.llllO 

60,000 
60,00(1 

-IS, into 

45. 000 

I2.litill 

85,000 

22,000 

10,000 



II 



o 





II 

II 

III, IJIII 

1 11,11111) 
28,000 
87,000 
45,000 
52,000 
.".■.i.iiiiit 
54,000 
88,000 
Tl.dlHJ 
74,0110 
70,000 
78,000 
M l.lll lit 

81, mill 
hi, unit 
81,000 
80,000 
7',*,o*m 

70.1 MID 

72, 

67,000 
54,000 
(9,000 
40,000 
■1 1,1)00 


Vu. /,-rt. 
1,111111 
I .< ii Ii 1 
2,000 
2,000 
2,000 
2,1 ii ii i 
2,000 
2,000 

J.OIIII 

1,000 





ii 
II 


1.1 








a 

ii 



1,000 
1,000 
2,000 
8,000 
4,000 

fi,0llll 
0,000 

8,000 
6,000 
0,000 
9,000 

9,000 
a, m in 
8,000 
11,000 

i,i 

2,000 

1,000 

a 







a 








Cu.fiel. 1 CH.fect. 
G 

o II 
ii 1,000 

o | 8*000 

1,000 -),IIO!l 

2,000 6,000 

4 ooo ' H.oao 


Ou. fat. 


D 



a 
a 






a 

o 

a 
ii 
a 

( > 
a 
a 
a 
a 
a 
n 
ii 
a 

■' 
a 

a 

a 



a 


1,000 

l.noo 
1,000 

2,fHtll 

2,oao 
8,000 
8,000 
4,000 
4,000 
.■,, i 

6,000 

11,01 H) 

7,000 

7 ono 


Cm. frrt. 

1 





II 
6,000 
10,000 
] 1,000 
10,000 

20,000 

20,000 

20, 1 

19,000 

18, 

18,000 

l-VHIl! 

14,000 
12,000 

a. nun 

7, INK) 

5, 

5,000 

6,000 

8,000 

11,000 

[3, 

!■",, ■ 

ia,aoo 
22,000 
20,000 
27,iioii 
27,000 
27,000 

211,01 Ml 

21, "on 
22, ono 
20,000 
20,000 

10,000 

19,000 
10.0011 

I'.t.lMMI 

1 Ml Hill 

19,000 
19,000 

1 - 


Vu./ft. 

a 
a 
a 
a 
a 
a 
a 
a 
a 








1 

1! 

o 









;; 
o 



1) 
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The next step is to determine, in accordance with the principles laid ilown In 
Chapter IV, what the actual daily discharge during the flood period 
was at the following localities, selected as being nearly equidistant and 
sufficient in number to answer all practical purposes: Helena, Napoleon, 
Lake Providence, Vicksburp, Natchez, Keil -river Landing, Donaldson ville, 
and Carrulltoii. The measurements at Columbus are evidently not avail- 
able for this purpose, since the daily loss between that place and Helena, 
by gaps in the levee and by crevasses, could not Ijo determined. Even if this quantity 



Transfer of the 
discharge mea- 
sured daily at 
Vieksburg- to the 
points selected 
for study. 
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had been known, it would Iiuve been a very delicate operation to transfer discharges 
in this part of the valley, because the continual and excessive oscillations of the river — 
Involving changes of level amounting sometimes even to 3 feet in a day — would have 
made the amount of the channel correction enormous and very difficult to estimate, 
especially as the mean width of the river is here so great. Vieksburg, therefore, is the 
Important position from which the measured daily discharge is to be transferred both 
up and down the river. The following expressions, deduced in the manner described 
in Chapter IV, exhibit the rules for ascertaining all such discharges in the high stages 
of the river, the unit being the cubic foot: — 

Discharge per second al Vieksburft ..July IS 

— Discharge per second of Yn^oo river July I -K 

-J Discharge per second uf crevasses, Lake Providence to Vieksburg ..July 18 

-f Discharge per second of crevusses. Napoleon to Lake Providence July 17 

Discharge per second, 1 J — Discharge per secou'I of Arkansas and White rivers July III 

... July lo / * ' Discharge per second of crcvusses, Helena to Napoleon July D) 

{Rise, Helena July 14-lu^ ^ 
4- Twice rise, Napoleon Inly lo-ll) ( 
-j- Twice rise, Lake Providence July J 11-1 7 I 
■j- Rise, Vieksburg.,. July 17-18 J 

Discharge per second at Vickshurg July 18 

— Discharge per second of Y«;oo river July 16 

• lli-charge pev second of crevasses, Lake Providence to Vieksburg., July 18 

Discharge per second, "| _, / *}- Discharge per second of crevasses, Napoleon to Lake Providence July 17 

Napoleon, July 16 J ( ID se, Napoleon July L>-in\ 

-i- 1:5,000 < 1- Twice rise, Lake Providence ......July 16-1? \. 

£ + Rise, Vieksburg July 17— 1« ^ 

/ Discharge per second at Vieksburg July 18 

litharge per second,, ( - ^charge per second of him river July 18 

„ 4- Discharge per second of crevasses. Lake Providence to Vieksburg -July 18 

Lake Providence, f = „.,.,., T 1 m «- 

, , 1T J 1 mnrtft / Rise, Lake Providence JnlyK^lil 

M * 1T ( r U '' <m \ + Rise, Vieksburg ....; July 17-18 I 

Discharge per second at Vieksburg ■ July 18 

..nd. \ __ J 
Nalchei, July 1« 



t Discharge per second at Vieksburg ■ July 18 

_. . _i 1 1 — Discharge 1'er second of cvevasses, Vieksburg lo Natchez ...July 18 

Discharge per second. \ __ J „„,..,. ti ,- «, 

,, ... f— i . ,., lW . ( Fall, Vieksburg Jtilyl.-lHl 

Natchez, July 1« J 1 ,,'HXt ) ' b r 1 ia in ( 

( I T Fall, Natchez July 18-10 > 

(Discharge per second at Vieksburg..., July 18 
— Discharge per second of crevasses, Vieksburg to Natchez .July 18 
— Discharge per second of crevasses, Natchez lo Red river July -" 

1.,-Heh.rge per second, | I ^^ ^ ^ Ju]y , (1 

Red-mcr lauding, } = y Fall, Vieksburg July 17-18) 

"'" / , , ()i , J r Twice full, Nefohc* , Julyl8-luA 

(+ Fall, Red-river landing July 19-20 ) 



Discharge per second at Vieksburg July 18 

— Discharge per second of crevasses, Vieksburg lo Natchez July 18 

— Discharge per second of crevasses, Natchez to Red river July 'JO 

( - discharge per seeond from Red river , July 20 

IXscharge per second, 1 I — Discharge per seeond of bayou Plaquemine July 21 

l)i,n!il,lr"iiville, = \ — Discharge per second of bayou La Fotii-chc July 21 

July 21 ] ( Fall, Vieksburg... July 17-18 

+ Twiee fall. Natchez July IM-l'.i 



I Twice fall. Red-river landing Jnly 19-30 

r Fall, Donaldsoiivillc July 20-21 
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DiacUftrt'o per second at Vieksburg Ju'y 1K 

Discharge per second of crevasses, Vickslitirg to Nntchei July 18 

Discharge r p *" second of arftfasses, N.itoliez la Red river July 20 

-]- Diralmrgo per second from [led river • 3u\f 20 

— Discharge per second of buy mi l'1:i<]tieiiiine. ....--... ...July -1 

/ -Bbehwgii per second of bayou U Fourche ;; *«|j & 

n hi i ,i„ oo 1 — \ — Discharge per second of croTUsnen, Red river to Carroll! oil July — 

Carroll I on, July ±L t ", ' • , , ,. .^ 

/ Full, Vieksburg '"'y 1 

1+ Twice toll, Ntttclie* '"^ 1&-10J 

4,- 10,000 | 4- Twice fall. Red-river landing '"b' I9-29> 

J-f Twice fall, DonaldsonviLle -' ul y -»~- l \ 

\-j- Fall, Carvoillon.... Jl ' 1 ? -1---/ 

The following table exhibits the results obtained by applying this 
Table of results, {)rocegs fo ^ data gLven above or conta incd in Appendices B and E :— 



JJmjhargeper secand of the Mmkdppi river. 



April 



1858. 
March 20... 

21... 

2-,.. 

mZ 

24... 
25... 
20... 
27.. 
28.. 
29.. 
80.. 
31.. 

1.. 

2.. 

n.. 

4.. 

i;.. 

7.. 

8.. 

0„ 

10.. 

11.. 

12., 

13,. 
I I.. 
15.. 
If... 
17.. 
IK.. 

19,. 
20., 
21,. 

23 



CjUiIjiLiu^ 



2;i 

21 

26 

26...... 

27...... 

28 

2fl 



May 1 . 
2. 
3., 
I. 
C. 
6., 
7. 
8. 



Piioie />*'. 

740,000 

870,1" "> 

961,000 

1,069,000 

1,098,000 

1,100,000 

1,180,000 

1,180,000 

1,120,000 

1,105,000 

1,090,000 

1,076,000 

1,059,000 

I mi i, t it id 

947,000 

BS5.000 
778,000 
710,000 
023,000 
185,000 

668, 

665,000 
570,000 

Oil.'., I HID 

826, 000 

OSJ.IHHI 

800, VOO 
800,000 

900,000 
960,000 

1,000,009 

1,081,000 
1,086,000 

1,120,000 
1,210,000 
1,281,000 
1,265,000 
1,280,000 
l,2:i7,iiiii) 

l,2ln.i 

1.170,iiim 

1,118, 1 

1,060,000 
',1811,0110 
890,000 
808,000 
787, 000 
779,000 
777,000 
787,) KW 



SsiH.lwm, 



Cuhit .'•'■'■ 



802,000 
928,000 
088,000 
988,000 
983,000 
976,000 
985,000 

1,008, ) 

n'.iT. 

1,018,000 
1,020,000 

1, HUM, III III 
1,015,0410 

099,000 

990,000 
986,000 
980,000 

946, 

981,000 

'.I.' |, 

899,000 

RK'.I.IMII) 

673,000 
867,000 

HHIl.lHKI 

896,1 

'.H8,ot)il 
927,000 
945, 000 
<irii>, 1 101 1 
'.171,01)0 
908,000 

1,1 ,000 

1,028,000 
1,021,000 
1,01*1,000 

l,i'1 I .-.:■■. 

1,068,000 

1,068, 

[,001,000 

1,067,000 

[,.),;:. mm 

1,077,000 
1,087,000 

1,072, 000 
1,075,00(1 

1,088,000 
1 I 089,1 KMI 



Ctttiic fttt. 



990,000 
1,021,000 
1, l».)l, 01 10 
l,ii70,oii(i 
1,078,000 
1,085,0110 
1,111,0011 
1,112,000 

1,094,000 
1,108,000 
1,118,000 

1.111. 0110 
1,120,000 
1,111,000 

1 1.112,000 
1,112,000 

1,006,000 

1, 005, 1 Kill 

1,092,000 

1, oho, 01 10 

1,081,000 

1,008,000 
1,052,060 
1,089,600 
1,088,000 

1,081, 

j 1,040,000 

, 1,088,000 

j l,05;i, 0110 

1,089,000 

1.080.111 K) 
1,095,000 
1,100,000 
l,)o7, 000 
1,102.000 

I 1,108,000 

1,101,0011 

1.1 M.I 1, Ml 
1,100,000 
1,11)7. 01 10 
1,108,000 
1,104,000 

1,117,000 
1,1118,1100 
1,II7,ikmi 
1,125,000 

I, 13-1 01 III 



I'nivl'koci 1 . 



Cubic fttt. 



[ifiO.OOO 
985,000 

1,1107.11110 
1,088,000 
1,04 '.1. 01 10 
1,086,000 

1,1177,(10(1 
1,1182,000 

1,07U, 000 

],ij8ii.ooo 
1,0! 13, not) 
1,095,000 
i,lo:l,ii(io 
1,098,000 
1. 1 1 1 . 1 '1 ,111 n 1 
1,005, OIK) 
1,087,000 

1. old, in 10 
1,04)8,000 
1, in;;, 111 in 
1,0941,000 
1,070,000 
1,067,000 
1,066,000 
1,037,000 
1,034,000 
|.ii::T.imhi 
1,080,000 
1,017.000 
1,060,000 
1,089,000 
1,082.000 

] ,088,000 

1,092,000 
1,089,000 

1,087,1 

1,069,000 
l.loo.iioo 
1,097,000 
1,097,000 

1,095,00(1 

j.OW., 'ii 111 
1,108,000 
l.lini.imi 
1,106,(100 
1,116,000 



YlckabttTg. *?alsht k i. 



Cumc fttt. 
842,000 
870,000 
til 11,(1110 
'.147.000 
961,000 
090,000 

1,)I17,0<KI 

l,iH2.iii»i 
l,07n.oi") 
1,091,000 

1 1,109,000 
1,122,IKHI 

\ 1,129,000 
1,181,000 

. 1,189,000 
1,142,000 
1,114.000 
1. [49,000 
1,140,000 

I.Ml.lKKI 

1,1 13, 

1,189,000 

, 1,1 15,(10(1 
1,152,(100 

1,154,000 
1,154,000 
1,147,000 

j i.ias.iMMi 
' [,129,000 

1. 110. HI 'D 
1,105, 1" m 
I.IIW.IMXI 
1,099,000 

1,111,000 
i, 123,000 

1.130,000 

l.l m, 1 

1,144, OOO 
1,146,000 

1,1 II.O'HI 
1,1 11,00" 

1,143,000 

1,160, OIK) 
1,181,000 
[,162, 000 

l,H,5. OOO 
),lil7.iioo 
I,17x,li00 
1.174.000 
1,181,000 



Cubit fett. 



989,000 

(11,7.111111 
995,000 
1,019,000 
1 1,049,000 

1, 078,1 KIO 

1,091,000 

1. 105,0" "I 

: 1,112.0110 
1,113,000 
1,1 29,1 Kill 
1, 1311,000 
1,1 10,900 

1 1,144.000 
1,186,000 
1,136,000 
[,139,000 
[,185,000 
1,144,000 
1,161,000 

1,155,000 

1.1 57.000 

1,150,1)1111 

1 1,M;i.i 

1,188,000 
1,111,000 
l,|ol,iioo 

l.ll'.iN.i'illl 

1,0011,111111 

1,1 lll.HOI) 

1,122,000 

1,127.000 

j 1,188,000 

1 1,188,000 

|,| |,-,,IIIHI 

1,185,000 
! 1,138,0011 
, 1,188,000 
1,159,000 
1,168,000 
1,168,000 
I, 164,090 
). [Ill,, nun 

I, IT*. i 

I 1,174,000 



Rwl-riror 

luill][||£. 



Cubic ft**, 

o:',o,iHio 
917,000 
m 1:1, 1 100 
Hi'.), 1 100 
951,000 

[l"'i,IWH» 

981,000 

WO, l Mil) 

1,017,000 

[,086,000 

1,052,000 

1,069,000 

1,008,000 

1 1,077,000 

1 1,086,000 

1,105,000 

I 1,120,000 

1,127,000 

1 [,186,000 

1 IJll.ooo 

' 1,182,000 

1.138.OO0 

I 1,185,000 

1 1,188,000 

1,14 1,000 

1,161,090 

1,168,000 

, 1,185,000 

. 1,188,000 

: i,ui3, oik 1 

I 1,162,000 

1,151,0011 
1,155.11110 
1.1 5:1,000 
1,1 II I, IK 10 
1,]SO,OIIO 

1,191,000 
1,196,000 
1,208,000 
1,20M. 1 Kill 
1,208,000 
1,199.000 
1,198,000 
' 1,194,000 
' 1,210.000 

i 1,207,000 

l,2|o.iKMl 
• 1.21:1.000 
1 1,218,000 
j 1,231,000 



D,.,i-,i,r.,,iL- 

i.!l- 



Cubic fttt. 

901,090 
1112,0110 
8!I7,0<I0 
883,000 
890,000 
1120,000 
940,000 
012,000 
953,000 
975,000 
990,000 
1,015,0110 
1,035,000 

1,021,01111 

1,080,000 
1,044,000 
1,061,000 

1,078,0011 

1,081,000 

1,0:15,000 

1,099,1 

1,11011. 

1,088,000 
1,096,000 
1,098,000 

1,105,1 

1,111,1100 

1,121,000 

1,128,000 

1,123,0011 

1,114,000 

1.120,000 

. l.lll.OIHI 

I 1,113.000 

1,119, 1 

1.120,000 
1,187, 000 

1,148, 1 

1,150,000 
1,163,000 

1. 102.000 
1,166,000 
1,157,000 

1,148,000 
1,115,000 
1,168,090 

t,|oi,ooo 

1, in::, 000 

1.1 05.1 KlO 
l,H17,ooo 



( '..I,. -Ill I Ml. 



Cll«l> /><■(. 
801,0110 
002,000 
014,000 
898,000 
-•■M.,,1,1, 
869,000 
918,000 
930,009 
939,000 
1 158,000 
'.172,000 

094,000 

1,018,000 

I 1,030,11011 

1,025,1100 

1,086,000 

1,043,000 

1,057.000 

1,078,000 

1,088,000 

l.o'.U, 1 

1,008, OIK) 
1,085,000 
1,091,000 

l.OHH.IMIO 

1,(104.000 
1,106,000 

1,110,000 

1,M'.I, OIK) 

1,126,000 

l,124.(HK) 

1,121,000 
1,121,000 
I, Ion, lion 
I.IM.OIKI 
l.l I'.l.ooo 
1,119,000 
1,135.000 

i,i in, 000 

I, MO. 01 Id 
1,164,000 
1,166,000 
1,164.000 

I l.,'!, > 

1,145,000 

1,142,900 
1,183,000 
1,159,000 

1,1(10, ODD 
|,ll 11,000 



PROTECTION AGAINST FLOODS. 
Dlschiti'f/e per second of the Mimmipjn river- — Continued. 
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Bull'. 


IV.luml.lH. 


IlelftCLA. 


Nii; "I"UM. „ 
V 


I.11 k.' 
*oYl,ll-dC4*. 


Ylek*biirg. 


XuIcIiok, 


lii'il-rivor 
leimlhiK. 


H'.iiiiMmill- 
vill,-. 


lliirri.tltnii. 


1858. 


Cubic fftl. 


Cubit <<<'. 


Cubic feet. C\ 


r'r.r ':■■:. 


Ctiliio feet. 


Cubit fetl. 


Cubic feet, 


Cubic fett. 


Cubic fttt. 


Mny 9 


800.000 


1,(178,000 


1,146, 1 


126,000 


1,11111,000 


1,181,000 


1,207 ,"000 


1,175,000 


1,168,000 


Id 


820.000 


1,096.900 


1,180.000 1 


184,000 


1,200,000 


1,1X7,001) 


1,207,000 


1,1111,000 


1,1611,000 


11 ,, 


880,000 


1,068,000 


1,14(1,111)" 1 


121.000 


J, 209,000 


1,199,090 


1,205,000 


1,11)0,000 


1,157.000 


1 *j 


988,000 


1,007,000 


1,186,000 ! 


1. 'il.DIIO 


1,200,11110 


1,209,000 


1,212,000 


1,1113,000 


1,155,00(1 


18 


970,000 


1,11! '2,'ii ii» 


1,149,000 1 


127,000 


1,21 1,1 


1,200,000 


1,210,000 


1,166,000 


1.1112,000 


14 


1,0115,11111) 


1,083,000 


1,152,11011 1 


1 10.(1110 


1,204,001) 


l,214,i 


1,202,000 


1,174,000 


1,1 63,1 Kill 


15...... 


1,030,0110 


1,11711,1""' 


1,161,000 1 


[12,000 


1,218,000 


1,204,000 


1,213,000 


l,15!i,(il 10 


1,170,11011 


[ti 


1,031 1,(11 lit 


1,076,000 


1,181,000 1 


1 17, '"Id 


1,2211,0110 


1.21H, IIDII 


1,208, 01 10 


1,170.001) 


1,1 50, OOII 


I" 


1,1*11, "in > 


1,088,000 


1,166,000 1 


148,000 


1,228,000 


1,221,090 


1,217,0110 


1,1112,(100 


1,1115,000 


is 


1.008,000 


1,071,000 


1,162,000 1 


158,1)00 


1.224,(11)0 


1,224,000 


1,218,000 


1,174,000 


1,15(1, III 10 




1,005,000 


1,070,000 


1,166,000 1 


149,000 


1,280,000 


1,223,1100 


1,221,001) 


1,177.000 


1,108,000 


20 


li! II 1,111 III 


1,074.000 


1,170,000 1 1 


147,"i"i 


1,225,0011 


[,229,000 


1,219,000 


1,1711,0(10 


1,172,000 


21 , 


982,000 


1,076,000 


1.174,i«ul 1 


166,000 


1,221'., iidii 


1.224,000 


1.221,0011 


1,177,000 


1,171,000 


22 ,.,, 


986,000 


1,074,000 


l,177,(Hi() 1 


1110,1 Hill 


1,262,000 


1,223.1100 


l,221,oii" 


1,181,000 


1,169,000 


28 


1,010,000 


1,066,000 


l,174,mni 1 


Dll.OIH) 


1,234,000 


1,228,000 


1,219,000 


1,182,000 


1,177,0011 


24 


],045,ooo 


1.078,000 


1,169,000 1 


[60,000 


1,285,1100 


1,229,000 


1,224, 000 


1,1711,011(1 


1,188,000 


as 


1,078.000 


1,082,000 


1,174,000 1 


164,000 


1,286,000 


[,228,000 


1,2211,000 


1,1)13.000 


1,170,000 


2f), .... 


1,114,000 


1,075,000 


1,180,000 1 


[56,000 


1,227.1)00 


1,228,000 


1,233,0110 


1,188,000 


1,173,000 


27 


1,188,1X10 


I,. 80,000 


1,174,000 1 


102,001) 


1.227,01)0 


1.221,01)0 


1,238,000 


1,192,000 


1.1 711,0011 


38 


l,i:i7."(«i 


1,098, 1 


],171,oiio ] 


15!).l)00 


1,286,000 


1.220,000 


1.235,001) 


1,197,000 


1,182,000 


2a 


1,1411,000 


1,100,000 


1,178,000 J 


157,11011 


1.288,000 


1.23(1,01 HI 


1, 234,001 1 


1,194,000 


1.188,000 




1,140.000 


t, lit'., (II 10 


1,1KO,OOII I 


168,1100 


1,211(1,(100 


1,2211,01)0 


1,288,000 


1,193,000 


1,183.0011 


yi 


1,1 12,"l 1" 


1 118,000 


\ r 180,001) I 


Kio, 000 


1,23". I"'" 


1,224.01)0 


1,288,000 


l,lii7,iio" 


1,181,1400 




1,148,000 


1,117,000 


1,184,000 1 


[69,000 


1,282,000 


1,225.00" 


1,221,000 


1,(1(4,01 10 


1,180,000 




),131,ikki 


1,125,000 


1,101,000 1 


MIL'. "1 "I 


1,241,(100 


1,227,000 


1,218,000 


1,180,000 


1,181, (Mill 


a 


1,1(11,000 


1,132,000 


1,1 H2, OIK) 1 


171,000 


1,288,000 


1,237.00" 


1,219,000 


1,177,000 


1,168,0111) 


4 


1,175,000 


1,117,000 


1,191,000 j 1 


I71.IID" 


1,241.1101) 


1, 2215,11011 


[,229,000 


1,178,000 


[,168,000 


5 


1,185,01)0 


1,114,000 


1,192,000 I 1 


111!. ,1111)1 


l,242.(iii() 


1,886,000 


1,217,000 


1,188,000 


1,168,000 





1,195,000 


1,110,000 


1,180,000 j 1 


His, iiihi 


1,24", (KID 


1,2311,000 


1,226,000 


1,176,000 


1,171.0011 


7...... 


1,206, ooo 


1,126, 


1,169,1 1 


157,""" 


1,288,000 


1,286,000 


I.L'lfo.i mo 


1,188,0110 


1,1110,000 




1.222,"O0 


1,182,000 


1,178,000 ) 


145,000 


1,227,1100 


1,234,000 


1,225.0110 


1,1 fill, (HID 


1.1)16,000 


'J 


1.211. mm 


1,141,000 


[,185,000 j 1 


152,01(0 


1.214,00(1 


1,223,000 


1,224,(1110 


1.184,000 


1.171,000 


10 


1,263,000 


1,130,000 


1.196,000 1 


169,0110 


1,2211,1X1" 


1,212,000 


1,211, "I III 


1,188,000 


1,1 61, 000 


11 


1,270, oyu 


1,187,000 


1,188,000 1 


1(1-1, in id 


1,225, "l«i 


1,218,000 


1.201,000 


1,169,000 


1.163,000 


12 . 


1,281, 1 


1,117,000 


1,1711,000 1 


I57,imri 


1,2211,0110 


1,2111,000 


1,205,000 


1,15(1,0111) 


1,148,000 




[,800,000 


1,160,000 


1,183,000 1 


]r,2,ii"0 


1,222,000 


1,224,000 


1,2"(1,(')HI 


1.1 (lH, 01 10 


1,133,000 


14 


[,818, 


1,150, 


1,178,000 1 


laii.ooo 


1,216,000 


1,221,000 


1,211,110" 


l.lii), 000 


1.141,1100 


If....... 


1,349,000 


1,167,000 


1,186,000 1 


140,000 


1,219,000 


1,214,000 


1,20!i, 000 


1, 168,000 


1,1 30. 01 10 


HI 


1,388,000 


1,169.000 


IjNli.OUD 1 


>/.!>, I|D0 


1,212,000 


1,216,000 


1,2"1,00" 


1,168,000 


1,144,000 


17 


;,ODO 


1,186,000 


1,187.000 1 


tdl 1,000 


1.21S. OHO 


[,210,000 


1, -Jill, "II" 


1,161,000 


1,14(1,0011 


18 

in...... 


1,408.01)0 


1,197,000 


1,187,000 1 


157,000 


1,222.001) 


1,217,000 


1,190,000 


1,161,000 


1,136,000 


1,400, i 


1,217,000 


1,200,000 1 1 


166,000 


1,218,000 


1.2111,1100 


1,203,01)0 


1,155,000 


1,187,000 


"II 


1,398,(1(10 


1,226,000 


1,212, "00 1 1 


1711,01)0 


1,2211,000 


1.215, 


1, -"1.IHHI 


1,162,000 


1.1211,000 


2] 


1.595,000 


1,244, mm 


],2(l'.l, OOD 1 1 


180,000 


1,281.(1110 


1,223,1100 


1,199,000 


1,101.000 


1,185,001) 


.... 


I,.:-;;, mm 


1.251. """ 


1,221,111'" 1 


17H, OIK) 


[,288,000 


1,228,000 


1,207,000 


i ,168,000 


1,137.000 


28 


1,860,000 


1,260.000 


1,210,000 1 


188,000 


1,294.(100 


1,233,000 


1.211,0110 


1,1 mi, 01 111 


1,1 211,01 H) 


24 


1,330.000 


1,246,000 


1,210. 000 1 


1*5,000 


1,215, "(I" 


1,230,000 


1,2111,1100 


1,160,090 


1,186,000 


25 


1, ■_>.;, in hi 


1,246,000 


1,190,01)0 1 1 


176,0011 


1,242,000 


1.2311,000 


1,212,000 


1,175,000 


1,137,000 


26, 


1,25!'. 


],2.7,l, IK Ml 


1,189,000 ] 


lill.mn) 


1,281,000 


1,237,000 


1,220,000 


1,171,1)00 


1,144,000 




1,220.000 


1,268.04)0 


1,180,000 1 


1 18,000 


1,22", 


1,225,000 


1,218,000 


1,179,000 


1,140.000 


JS 


1,157,000 


1,291,000 


1, IMS. "I'" 1 


156, 000 


1, 20K,' 100 


1,215,000 


1,207,000 


1,178,000 


1,147,000 


2!' 


1,000,000 


1,309,000 


IJlllll'HUI 1 


[68,000 


1. 2117,000 


1,21)11,01)0 


i 195,000 


1,166,000 


1,146,000 


BO 


997,000 


1,82 I.OWO 


1.202,000 1 


nil, milt 


t, 2011, "DO 


1,203, ' 


1,186, ) 


1,155.000 


1.131,00(1 


July ! 


841,000 


1,827,000 


1,208,000 1 


168,000 


1,216,000 


1.2111,000 


1,188,000 


1.1 11, 01 11* 


1.122,000 




741 1,1 II HI 


1,882,000 


1,202,000 1 


188,000 


1,2111.0011 1,21 l,"l>0 


1.1X11,000 


1,1 12,01(11 


1,108,0011 


8 


(171,1 UN 1 


[,828,000 


1,201,000 1 


inc. Dm) 


1.210. Ollll 1,214,11110 


U'.u.ooo 


1,1311,001) 


1.1 OR, 000 


4 


.'.in, mm 


[,626,000 


1,i;m. mil) 1 


[68, 


1, 21S. DUO 1,215, (HI" 


1,1114, 000 


1,1 68. 01 10 


1,101,01)0 


5 


i.| -I.IHIII 


i [84.000 


[,108,000 1 


169, 1 


1,216,000 1 1,214,000 


1,1115,1)00 


1.153,000 


1.114,000 


C, 


ll"2,DOIl 


1,828,000 


[,208,000 1 


1111,111111 


1,212,000 


1,210,000 


1,104,000 


1,154,0011 


1,112,0110 


-. 


668,0t10 


1,3"II,IHIO 


1,21)8,000 1 


I7ii, '"in 


1,212,1)00 


1,21)7,1100 


1,1 so, mill 


1,152,000 


1,1 12, mil) 


B 


B : 1,000 


l,;i"5,ooo 


l,21",iiiK) 1 


172,000 


1,22". 00" I.2III1.IIIHI 


1,188,000 


1, !4il,ooo 


1,107, (KIO 


g 


500,000 


1 275,000 


1. -Jin;, m 111 1 


17", ' 


1,224,1)"" 


1.213,000 


1,18(1,0110 


1,14(1.000 


1,101,000 


in 

11 

12...... 

18 

11 

IB 

10 

17 


I'.m.liiiu 


1,242.000 


1,194,000 1 


172,000 


1,226,000 


1.21S, ) 


1,1113,0(10 


1,145,0110 


1,103,000 


188,00(1 


1,1:111,000 


1,188,000 1 


Ki7,0(iii 


1,22:!.' 1,22", "(Mi 


1,198,000 


l,162,1HWl 


I.IWH.OIHI 


477. dim 


1,162,000 


1,176.000 I 


164, 1 


1,22",' 


1,217,000 


1,200,000 


1,157,000 


1,101,000 


|.,l .,■,, 


1,123,000 


1.172.000 1 1 


[68.000 


1,218,000 


1,214,000 


1,190,000 


1.159,000 


1,1118,000 


■li;!'. 


l,075,im»l 


1,1 ill.i "'ii ) 


164.000 


1,222,000 


1,211,0110 


1,1115.111)11 


1.154.000 


1,108,000 


.0.1 ..<»>" 

443,000 
486,1 


1 n ; , . , 1 M III 


1,155,(1110 1 1 


1113,000 


1,220,(10(1 


1 .217.000 


1,1111,0011 


1,155,000 


1,103,000 


'!-'.',l)O0 


1.134,000 1 


[69.000 


1,221.00" i 1,214,000 


1,101 *, 01 it) 


1,150,0110 


1.102,000 


. .,.11.111 


1,112,111'" 1 


162,000 


l, 221 '.000 


1 1,215,000 


1,1115,000 


, 1,168,000 


1,0"5,IHIO 
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iJiachttrr/c jxtr second of the Mi&StSS&pjpi rivtr — Continued. 





Dats. 


(\iluinLiU4. 


tl'4oniv. 


\a]>i4«an. 


t.,:,. 
l'r,ivM!,'ii(-,'. 


S'ick-lnti^. 


Kilt i,. ,. 


Ii. . 1 rlv..J- 

Imttng- 


DntinHI*i,h* 

vlUo. 


I'ttrhilllmi, 




I8S8. 


Cubic feet. 


Cubic feet, 


t'lifm- fret. 


Cubic feel. 


Cubit fett. 


Cubic ■'.■ 


Cubit feel. 


Cubit ful. 


Cubit fret. 


July 


426,000 


044,1 


1,096,000 


1,14a, 


1.226,000 


[,224, 


1,197.000 


],]:.,-,, < mo 


1.101. 




1!) 


115.0110 


931,000 


1,080,000 


1.1 ;.\imo 


1.220,04X1 


1,219,000 


[,207.000 


1,165.000 


1,096,0013 




20 


[93,000 




I.IISIi.llllll 


1,130,000 


1.218,000 


1,215,000 


1,202.000 


1,100,000 


1,090,000 




21 


821,000 






1,130,000 


1,21ft, Ooo 


1,212, ooo 


1, |(ft),000 


1,1111.000 


[,10",0IMI 




^ 


iV.ir;,rMHl 








1,218,1 


1,21 l.'IOrl 


1, I 00, 01 HI 


1,150,04)0 


1,102,000 




38 


U20.IIIKI 








1,210,000 


1,21 1,000 


1,108, 


1,166,000 


1. huh. 000 




24,.,,.. 


689, 11011 








1,160.000 


1,207,000 


1,200,000 


1,168,000 


l.oo 1.1 ion 




25 


(560,000 








1, |SO,IHII> 


1,1HI1, IIOII 


1,10:1,0110 


1,163,000 


1.0911,000 




2a 


605,00(1 








1,170,000 


1,178,000 


1,172, 000 


l,150,oiH) 


1,100,11011 




■ii 


003,000 








1,165, 


1,1 6% 000 


1,104,000 


1,132,000 


1,091,000 




28 


684,000 








[,168.000 


1,162,000 


I.I 50, 00)1 


1,124,000 


1,097.000 




29 


11112,1100 








I.I 65, OOO 


1, 107,000 


1,1 11.000 


1,122,000 


l, 069,000 




191 


til -1,11011 








1,148, 


I.15ii.i« hi 


1.117,000 


1,1112.0110 


1,050,000 




SI 


680,000 






, 1,147,000 


1,1 145,000 


1,1 11, mm 


1,109,000 


1,034, 000 


\ 


ng, I...... 


6(10,1 






1 1,140,000 


1,147.000 


1,188.000 


l.lnN.IHJII 


1,040,000 




>} 


582,0410 






1,137,000 


1, l/to.iimi 


1,1 IJ.IHMI 


1,102,000 


1,080,000 






614,4X« 






' 1,117.000 


1,187,000 


1,134,000 


1,107.0011 


1,032,000 




1 


408,000 






1,104,000 


1,117,0(10 


1,1 '.5,1100 


1,009,000 


1,037,000 






-IS) 1,1 10(1 






1, 0ft8,000 


l.lilO.noii 


1,110,1100 


1,102,000 


1,028,000 




e 


4T9,O00 






1,080, 0(IU 


1,101,000 


1,108,000 


1,084,000 


1,033,4100 






1*1,1 (Oil 






1,007.000 


1,002,000 


1,106,000 


1,071,0011 


1,01 1,000 




8 


4 'JO. 01 10 






1,050,000 


1,074,000 


1 ,090 imn 


1,077,000 


1,003,000 




9 


-1! 10,000 








1,020,000 


1,057,000 


1,083,0**1 


1,068,000 


1,008,000 




ID 


4 '.Hi, > 








1,010,000 


1,038,01)0 


1,00:1,000 


1 ,055,000 


908,000 




11 


496,001) 








003,000 


1,029,000 


1.049,000 


1,040,000 


980,000 






4 WO. 0110 








082,000 


1,007,4MW 


1.051,0011 


1,021,000 


908,000 




13...... 


468,000 








'.ci.iMiii 


992,000 


l.OL'O.IHIII 


1,037,000 


040,000 




14 


4117,000 








0S6, 000 


087,000 


1,010,0011 


1.IH W.I Hill 


066,000 




15 


450,000 








920,000 


048,000 


098,000 


094,000 


088,000 




16 


482,000 








099,000 


086.000 


070.0110 


005,000 


925,01 H) 




17 


411,000 








004,000 


018,000 


072,000 


062,000 


607,000 




18 , 


891,000 








682,000 


'.'1 1,0011 


0(3,000 


9411,000 


885,4100 




1 11 


385,000 








878,000 


ft'.l5,IHIO 


984,000 


927, or 10 


HKO.OIHI 




20 


888(000 








860,000 


F87 4 OWJ 


030,090 


934,000 


805,001) 




21 


869,00(1 








632,000 


HTO.i loo 


980,000 


920,1 h 10 


872,immi 




*,., 


3(i 5,1 II Ml 








HI 1!,<H hi 


vv i,i ion 


924,000 


916,000 


869,000 




28 


384,000 








701,000 


829,000 


695,0110 


912,000 


868,000 




U 


340,000 








708,0)1(1 




679,000 


688,000 


865,000 




25 


388,000 








7 19,000 






871,000 


680,000 




26 


UN l.l 100 








714,000 








821, lino 



On page 359 a table precisely similar to this exhibits the doily discharge at certain 

points below Red-river lauding in the flood of 1851. Before proeeed- 

of°thi U eil e ctfiess f ' m S with tllG discussion of the Hood of IS08, these tables will be criti- 

of the measure- cally examined, with a view to test the exactness of this system for the 

meotsof theSur- transfer of discharge by determining whether the discharges and tlie 

vey furnished by *? / . ' . 

these tables and corresponding stands 01 tlie river, at the several localities, as .shown by 

certain other t] iC gauge-records, conform to the laws already deduced in Chapter V 

t t 111 ^ fp t i* p d d 1 s » 

charges. f 1 '" 111 t ' lc * observations at the permanent velocity-stations. This, how- 

ever, is not tlie only criterion by which the accuracy of the system 
can be judged. The actual measurements of discharge at certain dates sit temporary 
stations above Carrollton, in 1851, furnish the severest possible test of the work. Long 
before the system iu fpiestion was appl'wd, all tlie computations of discharge hail been 
made, from the measurements, aiul the results appear in this report exactly as they 
were then prepared, without any change or modification whatever. The system of 
transferring discharge, as already explained, is a purely mathematical one, allowing 
no latitude in its application. The direct comparison by transfer of these results is 
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tints a complete test of the exactness of the entire system of measurements and com- 
putations. 

This test of the character of the work is represented by plate XVII. Excepting 
the curves for 1858 at Providence, Donaldson vi lie, and Carrollton, where large cre- 
vasses just below the towns modified the usual form, all of these curves accord with 
the laws hud down in Chapter V, To this presumptive evidence of their accuracy is 
added the remarkable agreement between the operations of the two years. At Red- 
river landing — rind at Donaldsonville and Carrollton, prior to the breaking of the 
crevasses — the two curves are nearly coincident, and if. will soon bo seen that what- 
ever differences do exist are explained by known differences in the conditions govern-' 
bag the discharges. The great test, however, as already intimated, is the comparison 
between the results obtained in 1851 by actually gauging the river, and those obtained 
by transferring the discharge measured at Carrollton up to the same point. Eight of 
these actual measurement!* were made at Baton Rouge or Red-river landing, and they 
are all represented on tins plate. The gangings were conducted at points more than 
100 miles apart, between which the river was changing its stage, and discharging its 
surplus water th rough two large bayous and several crevasses. When corrected for 
these oaus&t of variation and transferred to the mine paint, the hm mdepend$nt Temlis 
imifontit)/ accord 90 efcwfy with atck other, (futt even a niijlit raridtion in the force or 
direction of the wind, if neglected, would have produced error,* vn either of the discharges 
greater «a amomU than iht aciwil differewr* hdtceen the two. No further demonstration 
of the exactness of the work can be required to entitle it to confidence. 

We are now ready to proceed with the analysis of the flood of 1858. 

NefflectUMC, lor tlie time, the modification which would have been pro- Effect of ^ e , 
iu;.i'> ""-» 1 crevasses betow 

duced up' hi the reservoir action of the channel by confining the flood Helena upon the 

between its banks — a very important matter, as will be hereafter seen — discharge at 
'" L " •'. x 1 1 • 1 ,i 1 ■ 1 n- points below 

the first step is to ascertain the amount by which the high-water dis- that town, to 

charges at the several localities under consideration were diminished by h . e first in ves " 

crevasses, supposing the river above Helena to have remained in its 

actual condition. 

Below Bed river this can be done by tracing each day's discharge down stream and 
adding to it the discharge of the different crevasses during its passage 
past them. Above Red-river lauding, the question is more complicated, ^nowledg^oftne 
si nee the actual discharge of the different tributaries was greatly contributions 
augmented by the return of crevasse-water through their channels. ^^Uribu- 
The allowance to be made for this augmentation will be considered for taries. 
each tributary separately. 

The swamps near the mouths of Arkansas and White rivers are comparatively 
email) as may be seen by reference to plate II, They were open to the Tll at of ^ 
Mississippi for several miles near the mouth of White river in 1858, Arkanaas and 
all( ] were thus gradually filled as tie' Mississippi rose. White river White rivers, 
liself also discharged much water into them during its great rise in March and April. 
They are not, therefore, to be regarded as reservoirs at the top of tlie flood in July, 
since they were already full of Water, and whatever entered by crevasses and gaps at that 
time must have forced out a nearly equivalent amount through the two channels into the 



344 REPORT ON THE MISSISSIPPI IUVKR. 

Mississippi. The measurements of the Survey demonstrate the correctness of this 
opinion, as will now be shown. Definite information relative to the condition of the 
Arkansas and White rivers during the Hood period was ohtained. There was hut one 
important rise in each river. In the Arkansas this occurred in March, being at its 
height at Little Rock on March 22, when it was only 3 feet below the great flood of 
ISM. The White river Mood occurred early in April, being at its height at J)ea Arck 
about April 10, when it was onby 1 tout below the Hood of 1S44. After the month of 
April, both rivers remained low, with occasional, unimportant rises, during the entire 
flood period. Let us now examine the discharge measurements at Napoleon, given in 
a preceding table. At the height of the combined Hood, which occurred between 
April 5 and April 8, the two rivers were forcing about Lo0,000 cubic feet of water per 
second into the Mississippi, notwithstanding a large rise in that river, then passing 
Napoleon. As already stated, Arkansas and White rivers tell to an ordinary stage by 
the end of April. The measured disc! large through their channels to the Mississippi, 
however, remained without any important diminution until August. From what source 
was the water derived which thus maintained the discharge after the supply above had 
failed? Evidently from the Mississippi itself, which poured through the crevasses and 
the gaps near the mouth of White river a large volume of water which returned imme- 
diately by the channels of the two rivers. What proportion of their discharge was 
upland drainage can he approximately determined in two ways. By the above tables 
the total discharge of the Arkansas and White rivers between April 23 and July 19, 
inclusive — the period during which the last great rise of the Mississippi was forcing 
water into their swamps — was 1,072,396,800,000 cubic feet. The total crevasse dis- 
charge into their bottom lands during this time was 55S,H4,00O,O0l) cubic feet. On 
July 1!) no more water remained hi the swamps tin in was in thetu on A|iril 23. The 
difference between these total discharges (514,252,800,000 cubic feet) is, then, the 
amount which Arkansas and White rivers proper contributed to the Mississippi in the 
eighty-seven days under consideration. This is at the mean rate of 68,000 cubic feet 
per second for the whole time. The second method of npproximating to the daily dis- 
charge of the two rivers during the great rise is as follows: By August G, the river at 
Napoleon had fallen over 11 feet, and all the water had drained from the While river 
and Arkansas swamps. During the succeeding fifteen days, when (according to the 
facts gathered concerning the condition of those rivers at points above I he influence of 
the .Mississippi river) the supply from ahove continued to l>e about the same as during 
the great rise of the .Mississippi, the average discharge of these two rivers was f>l,(IUl) 
cubic feet per second. This quantity differs so little from the result of the former pro- 
cess, that no material error can arise from assuming that the Arkansas and White 
rivers together discharged about 60,000 cubic feet per second of drainage proper into 
the Mississippi during the last great rise. This estimate is suflicieutly huge, and is 
therefore safe. During the rise of the Mississippi in March, these swamps were doubt- 
less reservoirs, which received and retained the water lost through the crevasses. 
They, however, partially returned it as the river fell between the two rises. 

The information collected respecting the condition of the Vazoo 

That of the r i ver during the flood was equally exact and decisive. Two rises of 

importance, independent of Mississippi water, occurred. One took place 
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in January and the other in April. Subsequent to the latter, the river 11-11 rapidly, 
and would have remained low for the rest of the season, had it not been ftn- crevasses, 
which admitted water from the Mississippi. The contributions of the Yazoo at the 
height of its April rise (April 10} amounted to about 70,000 cubic feet per second. 
From that date they diminished, until, by the latter part of dune, they could not have 
exceeded 30,000 cubic feet. To estimate that the latter discharge, independent of ere- 
vasse-water, continued during the hood is safe, because it is probably slightly in excess. 

To determine what would have been the condition at Red-river landing, had no cre- 
vasses, draining into the Tensas and Black-river swamps, occurred, is a 
more complex problem. Old liver, situated just above the landing, is a river, as modi- 
I'oriuer bend of the Mississippi, which Shreve's cut-otf transformed into a fiea by bayou 
kind of lake. Its level depends directly upon that of the Mississippi, c aya ' 
With which it, is still connected. It receives the water of Red river, and is drained by 
bayou Atehafalava, a species of immense waste-weir, which, for any given stand of Old 
rivei 1 . must discharge a nearly unvarying amount of water. The direction and force of 
the current in the mouth of Old river thus depend directly upon the relative discharge 
of Red river and Atehafahiya bayou. When the former stream discharges more water 
than the Atehafalava can curry off, its surplus empties into the Mississippi; and when, 
on the eontwy, its supply is insufficient to maintain the discharge of that bayou, the 
deficiency is made up from the Mississippi. By reference to the table on page :Wi, it 
will be seen that for nearly the whole of the Hood period in 1S5S there was no sensible 
current in the mouth of Old river. Consequently, during this time the discharge of 
lit-.] river into Old river was just sufficient to maintain the normal discharge of bayou 
AtehaJ'alavu. In order to determine, therefore, what would have been the condition at 
Rfid-riveE landing, had the Mississippi been confined to its channel during the Hood, the 
facts respecting Red river itself must he ascertained; fur the Atehafahiya would have 
drawn from the Mississippi at 1 hat point precisely the amount which was actually con- 
tributed by the Mississippi crevasses to increase the normal discharge of Red river. 

About* 2o miles above its mouth. Red river receives the waters of Black river, an 
important tributary, which drains the whole swamp country west of the Mississippi 
between Cvpress creek and Nttfashez, into which, in 1868, many crevasses were discharg- 
ing. For this reason, the condition of Red river proper must be determined from 
observations above the mouth of Black river. At Alexandria the following facts rela- 
tive to it were observed. 

The first rise uf Bed river occurred in January. It was highest on January 12, 
when it was 7 feet below high water of 1849, the greatest recorded flood in the river. 
This rise was the highest which had occurred since 1851, when it stood, on March 20, 

1 foot below the bigb water of 1849. By the hist of January, 1858, the river had 
fallen about 4 feet, and then again began to rise. On February 1, it was 0.0 feet below 
bisch water of 1 S 10, and was discharging 82,000 cubic feet per second. On February 

2 it had risen 0.3 of a foot, and was discharging 90,000 eubie feet per second. It con- 
tinued to rise until February 2o, when it was only M.9 feet below high water of 1849. 
It I lieu fell, at first gradually, and then rapidly, until about the middle of March, when 
it was l'.» feet below high water of isi'.i. It thou began to rise, until on April 22 it 
had attained its highest point lor the year, being only S.0 i'eet below high water of 

44 
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1S40. It then gradually subsided to low-water mark. On June 24 it was exactly 
28 feet below high water of 1849, and discharging very little water. It should 
be added that the extreme range of the river at Alexandria is -17 feet. The 
months of May, June, and July being those of highest water at Red-river lauding, 
it is evident that Red river proper had no sensible effect upon the Hood, and that 
the water which entered Old river through its channel, and supplied the whole of 
the discharge of Afchafalava, came from Block river and the swamp bayous below it. 
Black river, then, is next to be examined, to ascertain what was its real discharge, inde- 
pendently of Mississippi crevasse- water. 

This river is formed by the junction of three streams, the Washita and Little rivers, 
and bayou Tensas. The hitter drains the Mississippi swamp lands, and the two former 
the hilly country to the west of them. There wits no great flood in 1858 in either of 
these two streams, independent of the hacking up occasioned by Mississippi water. 
They must have been quite low during the three Hood months (May, dune, and July), 
since this was the condition of both the Arkansas ami Red rivers, which drain the 
country just north and south of their water-sited. With respect to bayou Tensas, 
more definite information was obtained. Mr. Mandeville, who resides at Westwood, 
near where Mr. l'attison's line of levels crosses the stream, bus for- many years kept 
a record of the oscillations of the bayou daring floods. » copy of which he kindly pre- 
sented to the Survey. These notes will he found in Appendix B. They show that in 
1S;j<S the bayou rose very slowly until August ">. when it was at its height. Its cross- 
section was then 16 t 000 square feet (See Appendix C.) Its velocity during the Hood 
period was estimated by Mr. Mandeville to vary from 4.-J to 5.0 feet per second. As- 
suming the latter rate for high water, we have for the discharge 16,000 x .0 == 80,000 
cubic feet per second, of which much the greater part was Mississippi crcvasse-waler. 
Add to this the hill drainage and the contributions through Cocodrie bayou and through 
the swamps themselves, and it is evident that Black river must have discharged over 
100,000 cubic feet per second into Red river, and, by its channel, to Old river, from 
which, as already seen, it all passed into bayou Atehafahiya. The discharge of this 
bayou is next to be considered, it was gauged three times during the Survey. 

(We CM, 

On Febrq»ry 11, 18"iH, a WM7.fi 0?ot b«4ow high wnicrof 1 S.'.H, tind discharged , 77, mm 

On March 8, 1861, " ii.l " •• l« •• ■■ 06,000 

On Mareli '.i, t«."i I, " :i.ti " " " " •• .105,000 

From May 2 to August '), 1868. ii waa never more than one foot, and averaged only 
some 4 or 5 inches, below high water of L858. During this period, then, it must have 
discharged 120.000 cubic feet per second, which accords closely with the amount just 
Indicated above as its probable supply. 

Having thus demonstrated that bayou A tcba fa lava discharged some 120, 000 cubic 
feet of water per second during the Hood, that tins amount was necessarily derived 
entirely from the channel of Red river, that all the hill tributaries of this river wen- 
low, and, lastly, that the swamp tributaries were Hooded by Mississippi crevasse-water. 
the conclusion is inevitable, that, bad the Mississippi levees remained unbroken, bayou 
Atehafalaya would have served as an outlet to reduce materially the quantity of water 
passing Red-river landing. In May, 'judging from ibe comparatively high stage of Red 
river proper, and front the small amount of water actually passing through the ere- 
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Misses, this diminution would probably have been trilling, but at the height of the Hood, 
in the latter part of June and in July, it could not have been less than 90,(J()U cubic 
feet per second, unless Bed river be allowed more drainage from its basin than was dis- 
charged by either the Arkansas, the White, or the Yazoo rivers at that time. 

Having thus analyzed the actual eiVcet of the Mississippi crevasse-water upon the 
several tributary streams below Helena during the Hood in 1808, we are Resulting rule 
prepared to decide how much the crevasses diminished the maximum for determining 
discharge at the several stations selected; bearing in mind, however, J*jJ J^k" 6 
that the results are still to be corrected for the reservoir influence of charge at points 

the channel. The system of computation is general. The actual dis- , beI , 0W Helena - 
tN ,. - , i , . , . had no crevasses 

charge at each locality lor each day during the Hood period is to be occurred below 

increased bv the amount of water lost in passing the crevasses above it, * hat . t0WE; ne ?" 
"..,,, , ,.„, , " , i t- i ,. lectin? reservoir 

and to be diminished by the diflerenee between the actual discharge of influence of 
any tributary passed and its true discharge independent of crevasse- channel, 
water. Thus, for example, we have for the discharge at Carrollton, at the height of the 
llnod, the following expression: — 

Actual discharge per second, Cnnrolliuu.,., July B 

DJM'lianje ptjr second of ci-cvusses, Helena tu .Napoleon July 'i 

r Diaehavjie ]"■,- scciiul ill' crevasses, Napoleon to Luke Providence Inly '?, 

Diach»rg« per (jMOtid of creTMsea, t&ke Providence n vlaksbarg July 4 

lV ga per roeoad, " 1>i "* l!lr fc fl ' P'' 1 ' second of crevasses, Viclisburg to Natelie* July 4 

, -.,,.. . .!,:.,.„ i i- Discharge per seuond n( crevasses, Natchez to Red river July (J 

Dteohlttge per second of erevasaes, lied river 10 Citrrollioii July 8 

— Discharge per seannd of Arkanaaa and While rivers on July- — 60,-000 

— Diicliarge per MMtmd of V11/.00 river on ....July 4 —30,000 

-_JK),0Wi (ftt Aidi--tt'ri1,iyii) 

Maximum diB- 
The dotted lines on phi te XVIII indicate the approximate discharges charges com- 

at the several localities, computed by this process. The following table {JfiS!&» 

-i\ e> the !i;rand results :— planatory re- 

marks. 
« 
ffirsl approxirnaU mcvxiffiura dwifmrge psr second, ici/h levees perfected. 



! 



flelerui 

Nil fiiilcQII 

I,nfc« I'l iiviJcuce 

ViuLxliurg 

NuhUiri . , , r . 

Ked-rhw Inuding 

Halim Kongo ... 

l)unuM?<itivilli' 

Cari'olliuii 



lp.lt... 


t&se. 


July E 


July (1 


July 7 


July 8 


July !i 


July lit 


July 1 1 


July 11 


July IS 



Aim N ml. 



CuLie /M. 
1,884,000 
1,868,000 
1,801,000 

1,420, 

i.il'.i.noo 
1,88S,<W0 
1,388,000 
1,292,000 
1,292,000 



!;■ ri. .1 I,-. 



Upon the supposition that there were no 
oraVMSM be] hit Uelena, and no reduction by 
uliaunel tilling. 



This discussion and resulting table present the subject under the most unfavorable 
conditions possible. It assumes the Arkansas, White, Yazoo, and Red rivers to have 
been securely leveed, so that they could not have been backed up enough, during the 
ereat rise which would have occurred in July, to diminish perceptibly their drainage- 
discharge into the. Mississippi. AH the swamps below Helena being thus protected are 
supposed to remain absolutely dry; the greater part of their rain-water even being 
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poured into the Mississippi by the four rivers just named. Tha discharge of bayous 

Atchafalaya, Plaquemme, and La Pourche is supposed to remain nnaffected by the 

increased height of the Mississippi at their upper mouths, or points of efflux Iji a 

word, every minor circumstance tending to diminish the volume of the Hood is 

neglected, in order to guard against all possibility of an under-estimate. 

Before proceeding to determine the effect of the great channel reservoir in dimin- 

__. , -j. isbing the maximum discharges indicated bv the above discussion and 

Effect of the 

bottomlands table, tbe elleet exerted bv the bottom lands above Helena upon the 

above Helena discharge at that point and below it, will be considered. This effect 
upon the max- , . , , 1111 1 1 11 

inmni discharge mav " e estimated quite closely, althougb. as already stated, tbe 

below that data lor tracing out the local elleet between the head of the alluvial 

lectinjr the ivgion and Helena are somewhat defective. The history of the flood of 

reservoir iaflu* 1858, already given in Chapter II, should be consulted lor details bear- 

tunned '"* ■#* «* *««* 

The greatest discharge at Col u ml >ns occurred between June 10 and 

June 22. inclusive, when it was about 1,400,000 cubic feet per second. Accord itu: (o 
the notes of the Survey, about 35,000 cubic feet per second were entering the swamp 
through the (!ape Oirardeau inlet, and about 40,000 through the breaks between Com- 
merce and Columbus. The total amount of water entering the head of the alluvial 
region was then about 1,476,000 cubic, feet per second at the height of this llood. At 
Helena, the flood was highest between June SO and July 6, inclusive, the discharge 
being about l,.'J;JI),O0l) cubic feet per second. Thus the rise was fourteen days later in 
date, and the discharge 145,000 cubic feet per second less in amount at Helena than at 
the head of tiie alluvial region. But the discharge ;tt Helena contains the drainage 1 
proper of the St, Francis bottom, estimated, as we have already seen, at 30,000 cubic 
feet per second; and this quantity must be subtracted from the discharge at Helena 
before the full reservoir elleet of the St. Francis bottom at the top of the flood of L858 
is obtained. Thus deduced, it IS 175,000 cubic feet per second. 

This general conclusion as to the elleet — uncorrected lor the reservoir iutluence of 
the channel — exerted by the St. Francis bottom upon the high- water discharge at 
Helena, will be compared with the corresponding effect of the Yazoo swamp upon the 
discharge at Yieksburg, which, as already seen, was accurately determined. These two 
swamps are similar in dimensions, and, usually, in depth of ovcrllow; and general con- 
clusions based upon the analogy existing between them are entitled to some confidence, 

As already seen, the top of the Hood passed Helena between June 80 and July 6, 
inclusive. By reference to the table of crevasse discharges given above, it will be Keen 
that this prism of water lost 208,000 cubic feet per second into the Ya/oo swamp. It 
passed the mouth of Yazoo fiver between July 3 and 0, inclusive, and received from 
that tributary (table on page 383) 133,000 cubic feet per second, which was 103,000 
cubic feet more than it would have received if no crevasse had occurred. The diller- 
ence (105,000 cubic leet per second) is then the amount by which the Yazoo liottom 
diminished the discharge past Vicksburg at the date when the highest flood would 
have occurred at that place, bad the levees remained unbroken below Helena, and had 
the channel exerted no moderating influence. 

It must be borne in mind that the St. Francis bottom was much less protected 
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against the flood than the Yazoo bottom, and that the depth of overflow in the former 
waa reported to be much greater than was ever before known. It is evident that 175,000 
cubic feet per second must be added to ouch of the differences in the last table before 
they ran he considered to include the influence of all the swamps below 
Cape Girardeau. _ Moderating in- 

The next step in the analysis is to determine the effect which fl uence exerted 
under the new conditions indicated by this table, would have been channefrem-- 
exerted upon the maximum discharge by the moderating reservoir in- voi r upon the 
ilucnce of the channel. As heretofore, the river is made to speak for S^Tn floods. 

itself 

The rise in December, 1857, admirably illustrates this influence, since the water was 
then entirely confined to the channel, and the effect of crevasses is thus 
eliminated from the problem. This rise was at its height (S.5 feet the risTinDT- 
bclow high water of 1808) at Columbus on December 21, the maximum cember, 1857, 
discharge being 1,100,000 cubic feet per second. The St. Francis river was hacked up, 
and contributed nothing. At Napoleon, the rise attained its highest point (7.1 feet 
below high water of 18 58) on December 28. On December 29, the measured discharge 
of Arkansas river was 65,000 cubic feet per seeoud. On January 1, the river had 
fallen 2.2 feet at Napoleon, and the measured discharge of Arkansas river was 59,000, 
and of White ri?er 48,000 cubic feet per second. It is evident, then, that these two 
rivers must have added at least 100,000 cubic feet per second to the top of the flood 
wave, as it passed. At Yazuo river, according to accurate data, it received 45,000 
cubic feet per second more. At the top of the flood at Natchez, which was 8.3 feet 
below high water, 1858, the discharge then should have been 1,190,000 + 100,090 + 
45,000 — 1,335,000 cubic feet per second. It was measured on January 8, when the 
river had fallen 1.9 feet, and was 'found to be S4o,000 cubic feet per second. Allowing 
a verv liberal estimate tor diminution of discharge at this date, the rise when highest 
could not' have carried past Natchez more than 955,000 cubic feet per second. How, 
then, i> this enormous difference of 400,090 cubic feet per second to be accounted for? 
Ottlv in one way. The reservoir furnished by 650 square miles of channel between 
Oolumbu.s and Natchez absorbed it alt. This is an extreme case, because such a rise at 
so low a stage is almost unprecedented, but it plainly shows that so important an 
element cannot be neglected in discussing the subject of river floods. 

The only other rise in the flood of J 858 which produced a sensible oscillation in 

the lower river was that which occurred near the end of March. This T tB effect upon 

then was the only other rise sensiblv modified by the reservoir influ- the r V se JL 
1 1 ■ , , . . .< 1 i *i 1 00 n March, 1S58. 

Oiice ol the channel. It was highest sit Columbus on March lb~'J, 

when it was li.I feet below high water of 185S; at Memphis, on April 2, when it was 
L.8 feel below the same flood; and at Helena, on April 4, when it was 3.8 feet below the 
same Hood. It was of very short duration, and did not break the levees of the St, 
Francis bottom. Very little water entered these swamps, and its volume was counter- 
balanced by tin 1 excess of tin- discharge of the St. Francis over 39,900 cubic feet per 
.-. . olid. This river was pouring out a flood of rain-water from upland as well as 
swamp drainage. The maxim urn discharge at Columbus in this rise was 1,130,909 
cubic feet per second. It was increased ■50,999 cubic feet per second by the St. Francis 
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river, and should therefore have been 1,160,000 cubic feet |>cr second at Helena. The 
actual discharge at Helena was 1,020,000 cubic feet per second. The difference be- 
tween those two quantities, 140,000 eubie. feet per second, 13 tbe measure of the 
reservoir influence of the 250 square miles of channel between throe two places. 

Let us trace this rise still farther down the river. On arriving at Vicksburg, it 
had lust 75,000 cubic feet per second by crevasses and received 220,1100 cubic feet per 
second from Arkansas, White, and Yazoo rivers. It should then have amounted to 
1,170,000 eubie feet per second. It was measured, anil really amounted to 1,145,000 
Cilbic feet per second; the difference, due to the reservoir inllueuce of the channel, being 
20,000 cubic leet per second. The comparatively small amount of this effect in this 
part of the river is explained by the comparatively small and gradual oscillation of the 
river's surface, so clearly shown by plate XIII. Below Vicksburg, this inline nee upon 
the max i muni discharge became practically unimportant, amounting only to some 6000 
Cubic feet per second at Red-river landing. 

Tbe above are all the data collected by the Survey from which we may estimate 

the numerical value of this important Influence which the channel 
u?n^port°anc°e f **&£& ' m moderating the maximum discharge in floods. They are by 

no means all that establish its existence. A single glance at plate XI II 
is conclusive upon this point. The enormous and evidently normal differences con- 
stantly exhibited between the discharges measured at Columbus and at. Vicksburg are 
susceptible of explanation in no other way. Tbe channel is evidently an immense 
reservoir, into which the Hoods of the tributaries are successively poured. In the 
upper river, this produces the constant oscillation which every gauge-record of the 
Survey exhibits. In tin; lower river, the channel becomes a simple drain from a lake, 
the supply of which its maintained by the successive contributions of the tributaries in 
all ] tarts of the valley. 

The question now to be considered is how much this moderating inllueuce may lie 

safely counted upon for reducing the maximum discharge in the great 

effect upon the rise which would have occurred in June and duly, 1858, Inul the river 

maximum dis- j, eL . n confined to its channel. An inspection of the diagram will show 
charge m 1658 if . . . ., , . , - >n i!„ ;. ii 

no water had that the huge wave must nave produced a far greater oscillation m tno 

escaped from the channel between Columbus and Helena than the very considerable one 
river channel, ^fifa actually occurred, and that its rate of oscillation must have been 
at least equal to that of the March rise. Its effect may then be safely assimilated to 
Unit measured in the March rise; that is, it may be estimated at 140,000 cubic feet 
per second. Below Helena, it is apparent from plate XVIII, that the river would have 
been lower when the rise occurred, and much higher at the top of the flood, than was 
actually the cose. The oscillation would probably have exceeded that af the height of 
the Hood in March, and the influence in question have been correspondingly greater. 
Nevertheless, to guard against underrating the practical difficulties to be overcome in 
protecting these swamps from overflow, the measured inllueuce of the March rise only 
is allowed to enter the estimate, 

To determine, then, what would have, been the maximum discharge' at the several 
Final determia- loe ' ,uties considered, in the flood of I SOS. it' the swamp lands from 
ationof tliein- Cape Oirardeau down had all been effectually protected, we are to add 
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to I lio niaximuiii discharges per second given in the Inst table 175,000 crease in the 

cubic feet, minus, for Helena, 140,000 cubic feet;* fur Napoleon, 150,000 jSlStta 

cubic feet; for Lake Providence. 160,000 cubic feet; for Vicksburg, 105,000 flood, which 

cubic feet: and Ibr Natchez snid all points below, 170,000 cubic feet. wmi ! d h *P 

„„ . - . -, , , /. . ■, , , resulted from 

I his process is equivalent to deducting from the total volume that protecting all 

enters the head of the alluvial return the channel ellect at each point, * h ^ sw ^ m P laHd 

after having added to the first the successive contributions of the tribu- Girardeau. 

taries. The following tabic inhibits the final results; that at Memphis 

being deduced by deducting from the discharge at Columbus the proportional part of 

the channel correction between Columbus and Helena, considering it to be proportional 

to the- distance between those places: — 

• Flornf of 1858. 



■ 



1. IH..I imtxinnun dMi irgi i (f 
MioanJ. 



Ditto. 



I'iiIiiiii1iu<i June 18. 

Mi/m[>hj* . 

Hvli'tia July 6. 

Napoleon.... Jane Tl. 

Like I'roTitleiicc , ...... June I'.'i. 

Viokvhurg , Futw £4. 

Nnii' lie?... June 25. 

Red-rWer binding, Uaf 30. 

Baton Itottgc ..„.,. Miiv 31, 

Doaaldaftnrflto Maj ''\. 

(*MiTullN>n... - May 20. 



( •ll'ir i'lrl, 

1,403*000 

i. 884, i ml I 

1,221,0011 

1.188,000 
l.SaS.OflM 

l,289,ooo 



i 
1,197.000 

1,188/100 



Mrt\illlliiiiiliM-li.il'j' r . Inn) -«;llrl|w 

Im'IuW r.i|,,- 1lil inliilil Wvll 

IH'SiiiiL' it 



June 18. 

Jnnc'J'J? 
June 28! 
June 24* 
June '1^1 
June 20? 



('.-■> UW0 June 27 i 
1,238,000 .hi in- 28! 



June 28 ! 

June 20 J 



Amount. 



TOtferaiwei or 

I'H'lLll.-ti.HI (if ,Li,- 

QDIKFRO I,-, 

*wiiiii]vi bauffl 
<_"n|n. Ciirnvili'iiH. 



CMC Jtrl. 

1,478,000 

1,880,0(111 
1,8651,000 
1,418,000 
1, -II Hi, I Kill 

1,480,000 
1,421, ill lit 

1,888,000 

1,888,000 
1,297,000 
1,207,000 



C»Me fret. 
75,000 

36, OW 
197,000 
218,000 
185,000 
1 83,1100 
100,000 
100,000 
100,000 
109,000 



This table, the most important which has thus far appeared in the report, gives 
a definite answer to the first part of the first question to be con- 
sidered in solving the problem of the best method of protecting the character. 
bottom lands below Cape Girardeau from overflow; namely, ii-lirif tooa 
their actual qjjfied upon the nxmntum disohttrge of the truer in (he flood of 1S58. It 
exhibits the results of years of patient labor and research. K very successive step of 
the analysis is based upon direct measurements, the accuracy of which has been 
demonstrated by numerous and constantly recurring checks. The final result, then, 
exhibited by this table is believed to be entitled to confidence even where such immense 
interests are at stake. 

The next point for consideration is whether the Hood of 1858 maybe safely adopted 
as the standard, in estimating the extent of the artificial works 
reuuired to protect the emmtrv from overflow in the future. Before Is the flood of 
entering upon this subject, however, a question which has an important for es ti ma ting 
bearing upon the discussion of the floods of 1S28 and 1850 must be the proper 



* 'J'lir estimate alio** &bw* llll! "'^'l amthout of rain-water drainngc to have Ijul-u discharged by the St. Francis 
rivrr, :t0,MUi( <-ii In. fa I p« Stroud, 
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measures for considered. That question relates to the effect the great swamp regions 

pro ee ion. jibuve Red river produced upon a Bood iti the Mississippi, before levees 

were built. 

The su-t.-alinl remnmr infimsnse of tike button* lands. — The topographical features of 

the three great swamps, the St. Francis, the Yazoo, and tlie Tensas. 
General topo- -. , ■ , . .\ . «, , . . 

graphy of these im * described m detail in Chapter Laud it is only necessary here to 

great bottom recapitulate their general characteristic features. Each srreat bottom is 
ivitnis 

a Sat plain, sloping from north to south at about 0.6 of a foot per mile, 

and from the Mississippi toward the bordering uplands, at a mean rate considerably 

less, Their systems of drainage are identical in character. On the outer border of 

the Yazoo and Tensas bottoms there is a river, which, rising in the uplands, .collects 

in its course nearly the entire swamp drainage and pours it into the Mississippi* 

at the southern boundary of the region. The same general system exists. in the 

St. Francis bottom, although modified by several limited basins, which drain directly 

into the Mississippi — not into the St. Francis river. This modification complicates 

the local problem of protecting the swamp against overllow, but does not affect 

the general problem now under discussion, inasmuch as each of these basins, being 

but a type of the larger .swamp country, produces a similar cfloct upon a flood in the 

Mississippi. 

By reference to plate 1, it will be seen that these bottom lands are situated in that, 

part of the great basin of the Mississippi where the precipitation of 
Their legitimate . . , . <. . ., , , i„, . . 

downfall of rain. mni 1S Nearly at its maximum, the average annual downfall being about 

45 inches. It has already been shown in Chapter IV that their sub- 
stratum of clay and thick growth of forests render both absorption and evaporation very 
slight, and that by far the greater part of their rain-water is therefore discharged into 
the Mississippi. The presence of this rain-water in the swamps in the spring of the 
year constitutes an important element in their action upon the Hoods. 

In their former condition, these regions were always more or less Hooded in the 

spring by Mississippi water whi.di escaped into them through many 

Their influence | Jttyoua ] Jot b bu^e and small, and over the natural banks. At present, 
upon tiie Missis- » ° . , 

sippi in former levees to exclude this water are under construction, and are already 

times to he sufficiently advanced to modify materially the action of the swamps, 

deduced from .... .i ,, 3 * ; flr d i i 1 ■, • 

the measure- 1 heir eilecf upon the llood ot I Sob was accurately measured, mm it is 

ments and facts promised, first, to analyze this effect, and, second, to endeavor to deduce 
Survey. from it and from such other facts as can now be ascertained, the iullu- 

etiee exerted by these so-called reservoirs upon the great Hoods of former 
times, when the natural condition of the country remained undisturbed. The Yazoo 
bottom is selected for this investigation. 

The tables of discharge of the crevasses into I be Yazoo swamp, and of the Yazoo 
Measured dis- r ' vcr mio *' l ° Mississippi in ISoS, already given, show that during the 
charge to and last great rise of that year the discharge of the crevasses, from having 



* This remark needs *ume qnaltflcatiou n>r tli.- Tcrmoi bottom, ihm being BO ujilaml ontlw njk'lii Imnk 01 Bed 
rivt?r for Marly loo mfies from it* month, Than, whenever iu- ■., dm b tuuneidcocs n tin* Booth <>f tlmi. stream ami 
ill' tlif Mtssimippi, o purl of the wutt-r (mm lie TensnH gvtunip tlid n<>i return l»\ Hod livi-r. 1ml pmiri'd OTW ils luniks 
into Atcliafalaja luuiu, and I'vuultiully discharged into tin.' gulf through Uiu draining bajflni of tiiat region. 
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been much less than the discbarge of the Yazoo river, Btifldenlj in- from the Yazoo 
creased greatly, through the occurrence of many new breaks in the bottom in flood 
upper half Of the swamp trout, so that on June 28-20 it became equal 
to tin 1 Yazoo nver discharge, or 130,000 cubic feet per second. During the six days 
from July to July 11. when the volume entering the swamps through the crevasses 
was at its maximum, or 212,000 cubic feet per second, it exceeded the discharge of the 
Yazoo river Ijv 80,000 cubic feet per second. IJy July 16, the crevasse and river dis- 
charges became again equal, being about 137,000 cubic feet per second. After that 
time, the crevasse discharge continued decreasing rapidly, so that by July 28 it was 
onlv 3000 cubic feet per second, while the Yazoo river discharge was 140,000 cubic feet 

per second. 

The water in the swamp began to rise in the latter part of June, and reached the 
highest mark along the mid-length of the swamp at dates nearly corresponding to the 
bennnrng of the decrease in supply from the river, showing that the changes in the 
swamp were rapid, and that the water, pouring through constantly enlarging inlets 
into a nearly empty swamp, passed through it like a wave. For these reasons the 
Yazoo bottom must have served as a reservoir in this tlood. The extent to which it 
tli us acted may be computed in the following manner- 
It has already been explained in this chapter that, of the volume discharged by the 
Ya/.oo river during the period now considered, 30,000 cubic feet per second was its own 
rain drainage, leaving 103,000 cubic feet per second for the amount of crevasse-water 
returned to the Mississippi at t\it.t peril id of maximum crevasse discharge, when the 
swamp was receiving from that river 212,000 cubic feet per second. The difference 
between the two, or 100,000 cubic feet per second, was then the quantity held back by 

i In- swamp. 

Lei us now endeavor to determine what would have token place, if the river bad 
nut been leveed. In former times the effect of the river upon the 
swamps began when the rising water surface attained the level of the facts re i a tive to 
beds (if the connecting bayous, that is, when it rose to within some 10 the floods in 
or 1 ■") feet of the top of the natural banks. The first effect was to stop lands ij e f ore 
the discharge of these bayous, and thus to accumulate the rain-water in levees were 
the swamps. Kven the Yazoo river itself, at this phase of the tlood, was cons ruc e ' 
sometimes backed up so as to discharge no water into the Mississippi. In general, how- 
ever, the amount of rain-water in the swamps was so large that the discharge of this 
Stream into the Mississippi continued without any cessatiuu from the beginning of the 
rise. The Mississippi continuing to rise, the water poured into the bottom lands 
through the numerous Imymis and finally over the natural banks. It is a well- 
ascertaiued fact, attested by those familiar, from personal observation, with those great 
bottom lands, that the water in the swamps continued to rw8 om faiuj ws the- r'mw rose, 
readied it* highest level at the same time uwtiS the river, and hegantofdU when the river 
heqan to fall. This fact leads to the solution of the problem of the general effect of 
those swamps upon the Hoods of the river; for the water in the swamp being always 
several feet below the high-water surface of the Mississippi, the existence of such con- 
ditions as those just described can only be accounted for by supposing the discharge 
from the swamp back to that river bv the great swamp drain to have gone on increasing, 

45 
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as the water in the swamp increased, until at t lie top of the flood it was equal to the 
discharge from the Mississippi. 

This necessary inference from one observed I'nct is confirmed by another. It is the 
testimony of every intelligent resilient upon the main draining rivers of these bottom 
lands, that in the great floods, before levees were constructed, there was altmys a 
powerful current pourint/ Into lh< JZ/Wv^yj/ of tin top of the flood. Many assert that 
the current exceeded in velocity that of the Mississippi itself This was particularly 
noticed at the mouth of Yazoo river in the floods of L828 and LS5Q, and at the mouth 

of the St. Francis river in those of 1*4-1. 1840, and 1850. 
Necessary in- From these two well-established facts, each independent of and 

their natewed perfectly consistent with the other, it must be inferred that in great 
condition they tlood-vears, before levees were made, the llond-wavo received about as 

did not act as ^ water at the foot of each of these great swamp regions as it had 
reservoirs at* 

the date of high lost in passing along their fronts; and hence that they exerted no sen- 
water, bible influence upon the maximum discharge at points below them. 
This idea to be Let us now see how these conclusions accord with the numerical 

tested by the t p lta cu i] er ted respecting the llooi! of 1858 in the Yazoo bottom. 

measurements l . 

made in 1858. We must first ascertain what would have been the discharge into 

Probable dis- tlie BWflm Pi 1|!,j1 no kveea esaetad. The high-water mark was about 4 
charge into the feet above the bank along the Yazoo front. From April 23 to July lit). 

iTws P eri«ted° the r ' ver SLirlace ftlon S tuftt il ' out was imt at »»v time less than 3 feet 
above the bank. The river would then have been discharging a huge 
volume into the swamps tor a period of two months previous to the arrival of the great 
June flood. What the amount of thai discharge wotdd have been, cannot be computed 
with exactness; but the volume actually discharged through the crevasses on both 
banks from the head to the loot of the Yazoo swamp during that time (50,000 to 
60,000 cubic feet per second), and the amount of the reduction of the river discharge 
required to sink its surface to the level of the bank, and the proportional effect of the 
swamps on either bank,* indicate that it would have been not less than 1 10.000 cubic 
feet per second into the Yazoo swamp, and ->•",. nnu eubic feet |>er seeond into the Tensas 
swamp, making a total of 165,000 cubic feet per second. What would have been dis- 
charged into those two swamps at the top of the Hood may bd estimated in a. similar 
manner. It would probably have been for the Yazon swamp 270,000 cubic feet per 
second, instead of 212,0(1(1, and for the Tensas us far as Vieksburg. 140,01)0 cubic feet 
per second, instead of ti 0,000. 

The next points to be considered are the probable dentil of overflow in the Yazoo 

swamp which would have been caused b\ this discharge, and the conse- 

re^uirei'the I 110 " 1 F^abb- amount of the discharge back tO the river. The history 

escape of much of the actual overflow in l« s '*>^ has already been detailed in t'hapler 1. 

S^ft' 5 L22 and it is only necessary here to recall to mind that there was very 
swamp in order , . . ,■ 

to accord with little Mississippi overflow in that swamp — though much rain-water ot 



* The Tcnstis swaiii]) wus cow|itinttf*elj well jirulcricd tgptinfi the food of IB5R If liwrt foul been »<> tevwa, 
tlie discharge into tbu two Hvvtuiips nunlil Iiuvl Ih^lii tlixtrilmO'il l.*-i wi in ili.ni in |iru[iuri-ii>ii t>> i!"-' i**tent-of lluir 
fnmts, that is, iu tint |u-(ipurtiuu of 2 lo 1. 
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its own downfall — when the top of the June Hood came down, and, the provable 
breaking tin* levees, raised the swamp Water in twenty days to the <jepth of over " 
[©vol of the Hood of 1828 in the Bogue Faluya, and even as far as the 
Sunllower river, which is about midway between the Mississippi and the lulls. Near 
fche eastern ljurder of the swamp, however — at McNutt and Greenwood — where the 
general level is several feet below that near tin* Sunllower, the overllow in 1828 was 
2 feet deeper than that of ISoS. Now, knowing the area of this swamp (Chapter I), 
it is easy to compute that if — with the supposed discharge into it corresponding to 
its unleveed condition — the discharge of the Yazoo river in May, June, and -Inly, 
1858, had been equal to that actually measured during that time, the overflow from 
the Mississippi would have raised the surface of the water throughout the entire region 
to the level of that of 1828 by the 1st of June, a font above that level toward the 
latter part of that month, and a loot and a half' above it by the 8th or 10th of July. 
Hut there are many considerations* which lead to the conclusion that the depth of 
overflow would not have differed greatly from that in 1828, Hence the supposed dis- 
charge Iniek to the Mississippi used iu this computation was much too small. The 
swamp could not have acted as a non-returning reservoir, even to that extent, but 
must have discharged a much larger volume back to the Mississippi. 

We are now to see what relation the probable discharge of Yazoo river bears to the 
discharge into the swamp at the top of the flood. As the depth of the 
Overflow in the swamp and the duration of the flood would not have c harffe° of Yazoo 
been materially different from these quantities in 1S28, the discharge river indicates 
back into the Mississippi would have been nearly the same as in that ^ter as'mueh 
flood. Hut. as already stated, the strength of the current at the top of water escaped 

that flood was estimated, by those who observed it, to lie even greater from the swamp 

* vr f* t *\r m ' m * ^^ cut 6 red it* 

than that of the Mississippi. Now the mean velocity of the Mississippi, 

from the mouth of tin- Ohio to the gulf, at the top of such a flood as that of 1858, is 0.0 

feet per second.* It may, then, be assumed that the mean velocity of the Yazoo river 

at its mouth, at the tup of the Hood in I808, would have been 0.0 feet per second, had 

no levees been constructed. Since the area of cross-section w:is 60,000 square feet, this 

gives a discharge of 800,000 cubic feet per second, This quantity is identical with the 

probable discharge from the Mississippi into the swamp (270,000 cubic feet per second), 

allowing 80,000 cubic fleet pec second for the proper drainage of the Yazoo basin. 

Bonce the proposition that the swamp could not have acted as a reservoir at the top of 

the flood is perfectly consistent with the other probable conditions. 

It is not claimed that the preceding figures are minutely accurate, but they are 

sufficiently so to demonstrate, first, that the great Yazoo swamp, even Preceding anal . 

when unleveed, cannot have acted as a receiving, non-returning re- ysis demon- 



* Near ill'' head ot * Uw Yimtu swamp, the Mississippi wa* about 1.5 feet higher mi IH.'iS Mian in \H'1H, while at the 
foot it was obuot ii. tl if!" a foot tower. At NatcboZj io 1828, the river stood daring two months 'within u foot of the 
ton of the Hood. ;in'l during font *"'l !l hall' inmiihs. within I feet of I hut mark. In 18f>s, the river there stood for 
nearly I hiv nimitli- i'wh inooiba nod three weeks i within a foot of the top of the Hood, and fur more than four mouths 

Within bHtt tee! of til.. I BI«it. 

f At L'Olnmbtu it WM - 5 tod pal second, MO* at Viekshurg 7. J feet per Beeond, But these were narrow places, 
with raaller br« il trees '"" t,l -' n " , '" mem. AL t'arrolltou, whore the urea of eross-section Is a mean of that 
pari of the river, tin WlflWtJ #& '''■- &«* I** MCOttd. 
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strates that sei'voir, inasmuch as the water marks now existing are much too low to 

these bottom admit the possibility of such action; and. second, that, the conclusion 

lands, even when ,.„,.,,", . , ,. , „ 

nnleveed, could logically derived from the reiterated statements of actual witnesses of 

not have been the old inundations, namely, that the discharge from the swamp to the 

r gr b v v ou* s &t ., 

date of high river at the fop of the flood was equal to that from the river to the 

water, swamp, is perfectly consistent with the probable numerical values of 

these quantities resulting from the operations of L858, as well as with 
the actual depth of overflow in the swamps themselves. 

The following final conclusions respecting these swamp regions in their unleveed 
Conclusions re- condition must therefore he considered established, First, they pro- 
specting* the duced no eileet whatever upon the volume of the maximum discharge 

effect of these of t j ]0 JMjssisaipiH, a ) K)ve ,„• below them, in great flood years. Second* 
swamp lands ■ l ' J 

upon the floods of they did reduce this volume along their fronts, and by an amount 
the Mississippi, which increased from their upper to their lower limits.* Third, they 
retarded both the rising and the falling of the river at all point* below them. Fourth, 
they tended to increase the duration of the floods throughout the alluvial region. 

It may he added that, in their present semi-reclaimed condition, they do serve as 
reservoirs, inasmuch as the levees keep the swamps comparatively empty until near the 
top of the Hood, when they break and relieve the river of a part, of its excessive volume. 

Analytical comparison of great floods. — The foregoing conclusions having been 

reached, we may proceed with tiie discussion whether the flood of 1858 
The extent of . ,. , * T , ,, 11. . . , „ ,, 

this comparison. ma 9 bo Balely adopted as the standard m estimating the extent of flic 

artificial works required to protect the country from overflow in the 
future. This can only he determined by comparing it with the other great Hoods, whose 

histories, so far as they can now he learned, have already I n given in Chapter II. It 

is there shown that the data In relation to (hose prior to the year 1 S'JS are of too vague 
and general a character to he used (or the present purpose; that uone of those subse- 
quent to 1828 were equal to that of L858 at the head of the alluvial region, and hence 
that the latter is a fair standard for all points above the mouth of tiie Arkansas; and 
lastly, that the floods of 1844 and 181!) below that point were similar to ami manifestly 
less than that of IS50, and hence that, an especial study of them is unnecessary. 
These facts reduce the present, discussion to an analytical comparison of the floods of 
1828, 1850, 1851, and 1850, with that of 1858. They will he treated successively in 
an inverse order of date. 

1. The Hood of 1859 has already been so elaborately described and discussed in 
Chapter II, as (o render a detailed notice of it unnecessary here. The 
flooX S 1859 he lul1 i'dormation collected respecting it. together with I he known rela- 
tions between the stand id' the river and the discharge at the several 

localities named in the following table {subject to the modifications soon to be noted 
in this chapter in discussing the height required for the new levees), renders it easy to 
apply an approximate analysis similar to that adopted for the tlood of 1858. The 
following table exhibits the result: — 



* It must not be inferred that they diminished Die fcdgM if the (!.>,,<{ in Brftofe^y this manner, since the Imdc- 
nratsr occasioned iiy the returning volume must lum- been felt for u coiwidenrtile distance abovo i!'« i'i>»i of ths 
.swum p. Tin eBbet of tbt rotora of water :u the feat nf a groit mow in njjomalooflfy raising tic rivet surface will 

ho fully illii-itnili'd In liiwHrtMiiK Ih'' llrwitl fit 1 Sfi I nt iln> iminiii ( ,l" !!<•,! river. 



PROTECTION AGAINST FLOODS. 



357 



Flood of 1859 compared loifh that of 1S58. 



I .. . ■., i ; t v 



ArtniJ rujiximuui lifwljarg.- I"*r He I. 



vtood or i8& fiooa&vm. Difbrsna 



Cllliir 

1,403,000 
1,834. WO 



I'ulllHllill" 

Helena 

Sapoleon ..—. 1.221.0(H) 

VicMiurg mid points beliiw. l,^l"i,lK)l> 



1,274,00(1 
1,0811,00(1 
[,280,000 
1,285,000 



Culifc ftr.t. 
. 128,000 
4-254,000 
-j- 0,000 

— 10 (Mill 



Mnviinimt Allsi'lmrge p&pftMAttd; EcTOf* |>*Fft4totl. 



Fimxl of 11SS. I'liKxl of 18fi9 



Cubic fit I. 
1,4TB, 000 

l,.;i; i .(,nim 
Mls.niKl 

l,4ntl,4IIMI 



Cubic fitl, 
1,275,000 
1, 21 in, in Hi 
1,820,000 
1,S50,(HM) 



fiiriii.-n. i . 



Cubic feel, 
. 203,000 

4-160,000 
-j- sm.iMiii 
+ 60,000 



This table, while it shows conclusively that, had the levees been perfected in the 
two Hoods, that of 1S58 would have risen much higher than that of j t was a lesB 
IS.",!) and hence that anv measures calculated to restrain the former flood than that 
would have been ample to secure the valley against the ravages of the 
latter, also furnishes the true explanation of the apparent anomalies between the high- 
water marks of the two years, viz., that at some localities the actual discharge in 1858 
was larger than in 1859, while at others the reverse was the case. 

2. Tiie flood of 1851 below Red-river landing was subjected to exact measurement, 
and will therefore he discussed in detail. Above that point a part of Limited ch ■ 
the information collected was lost, mid the existing data cannot be racterofthe 
safely reduced to figures. The history of the flood, already given in flood of 1851, 
Chapter II, however, plainly shows that throughout that region the maximum dis- 
charge must have been far less than in the Hood of 1S58, had the levees been perfected 
iu both years. Indeed, it was the flood in lied river alone which made this a flood 
year in the lower country, and an analysis above Bed-river lauding would therefore 
have comparatively little interest. 

Daily gauge-registers of the stand of the river were kept at Lake Providence, New 
Carthage, Natchez. Red-river landing, Raton Rouge, Donnldsoiiville, 
CaiTollton. and Fort St. Philip. Similar daily records of the changes of f or itsdlscusdon. 
level in the gulf were kept at lakes Ron tchart rain and Rorgne, and at 
bayou St. Philip, a small inlet near Fort St. Philip, to which the gulf has li'ee access. 
From Red-river landing to the gulf, all gauge-rods were referred by accurate levels to 
one ami the same datum-plane, thus making those records a complete measure of 
changes in the slope of the Mississippi between the stations. For these records see 
Appendix R. 

Daily imnMovmenU of the discharge of the river were made at Carrollton, checked 
by various similar operations at other stations above that place. (See Appendices D 
and E.) 

Sine*' hi \ mis Phupiemine and La Fourehc are simply waste-weirs, their discharge 
for any given stand of the .Mississippi can vary but little. By making use of this prin- 
ciple, siillicient measurements were made upon these bayous to determine from the 
known gauge -reading at their upper mouths their daily discharge during the flood, as 
given in the nexl bahte (See Chapter IV.) 

All crevasses occurring between Red-river landing ami New Orleans worn accurately 
surveyed, and all data necessary to determine their daily discharge secured. There 
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were eight of these crevasses, of which two, Nos. 7 and S, were below the velocity-base 
at Carrollton. The following table exhibits all the elements which (exclusive of the 
daily gauge-record) are essential to a computation of the discharge of these crevasses 
by the formulae already explained ; — 



Crcvaswa in flood of £851. 



i 

I 

i 

2 

V, 

■i 
& 

r. 

7 

8 


Uxiilily. 


Uiitik of 
ruur. 


Dam of— 




n,-|.ir, 


UuiiHU-ks. 


dHCltlltgB. 


dbctwrgi . 


width, l.uli 

W«UT. 


Lower mon 111 Fausse Hi vitro 

li miles tietow PIikj n limine 

'.I iniloa iiliove Donalilsonville 


Hi gin 

Right 

iiijrlii 

Ult 

Lett 

Left 

Right 

Right 


•m,\. 

Mmvli 1'i 

» ;:i 
« 81 

II ;>i\ 

it OT 

April 17 
March 18 


1831, 

May S 

,. jj 

9 

April 22 

May 8 

5 

t* 12 

« 24 


700 

620 
8$0 
300 

tea 

no 

;;30 

TOO :' 


Feet. 
:'i 
7 

-; 

+1 

4 
il 
3 

i] 


f M.-^mcl ilischarge March 28, 
\ 1H,IWI) cubic feet per Seeoiul. 

r'ovir breaks near each other. 
iU'opeuml by a raft. 

f Wi.lili Itarea 21' was (III t'ect 
J .. .. .»| « ig ,. 

I " April 19 •■ :!.-,!> •• 





Equations for In accordance with the principles already laid down for transferring 

fachzrge^ measured discharges, the daily discharge per second at Red-river land- 
ing. Baton Rouge, and Donaldsonville has been deduced. The follow- 
ing expressions sufficiently indicate the processes for each place, for high stages of the 
river; the unit being, of course, the cubic loot: — 

Discharge per sesnad :tt farrollion,.... ...April 5 

■f Discharge per second of bayou La Fourehe „ April 6 

\. DualtMge pet -i nil of bayou Plujuemfae .....April 4 

-i- Discharge per aeooml of ererVMeei 1, 2. 8, 4, '>, 6 April 4 

Di&ltarge per aee. Bsd B, lamling. April 8 = \ ■* . > rs _ n ., .. 

f Rise Rcil-river luii'lmg April --••• 

J |- (Use Baton Rouge. April-:- I 

~\ j- Rise DonaSdaonvme April M 

I 4- Rtso CarrolUon ,. April l- r > 

(/ Discharge per second at Carrolll en , .....April ■■> i 
-{- Discharge per second of bayou I<a Fourcho April !> J 

• Discharge per coeou'l of bayou I'lnqiiemine April 4 

Discharge per second Baton House, April 1 = ■ , ... , . . , . „ . ., . ) 

B ' / -r WseOttrge per soLiuiirl nt cn'viisst'S :!, 4, 5, fi April 4 

( 10 000 J Ri» B^m Rouge.. April 3-4) \ 

^ | — Rise Carrollton April 4-6 J / 

! Discharge per second at CarrolUon ..April G ) 
. ...„,.■. f Rise D .ualdsmiville ..... April 8-4 1 > 
' { + Rise CwwUten April4-4 J ) 

Table exhibiting The following table — a complete exhibit of the tlood of 1S51 be- 

below Red-river tweeu Red-river landing and New Orleans — contains the daily discharge 
landing. at these three places, computed as just explained. For convenience of 

comparison, that measured at Carrollton is added, together with the discharges of the 
crevasses and of the two bayous. 
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Dieo/targe per second in 1851. 
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1,1 15,1101) 


1,118,000 


29, III HI 


12,011(1 


35,01 hi 


ii.oik) 


April ) 


1.193. in Hi 


1,175,4)00 


1,117.000 


1,1 15,001) 


m.ono 


11,1 


35. (Kill 


11.0110 


jj 


I.I'.'J.OIIO 


l.HiO.ono 


1,106.000 


1.118.IHH) 


88,000 


lo.Olio 


34,000 


11,0110 


8*1.! 


1, 195,000 


1.157,1100 


1,104,000 


],107,ooo 


86,000 


9,0110 


84,000 


Tl.oiKi 


1 


1,192,000 


1,159, 


1,106,000 


1,105,0011 


80,000 


8,000 


84,000 


11,(11111 


5 ..... , 


1,102,111)0 


1,150, 


1. ml, ooi) 


1,105.0111) 


37,000 


7,000 


34,000 


11,01111 


8 


1,188,000 


1,157, 


1,104,000 


1,105,000 


87, 


7,noii 


3 I.ono 


II.IHIO 


7 


1,181,000 


1,131. 


1,100,01111 


1,105,000 


87,000 


7,11011 


34,000 


11,000 


8 


1,162,000 


1,145,000 


1.094,000 


1,100,000 


86,000 


7. 


84,000 


11.000 


'.i 


1,138, 


1,117,1 


1,064,000 


1,005,000 


no, 000 


7,000 


34,000 


11,0011 


1" 


1,138,000 


1,097,000 


l,o47,ooo 


1. ool. ouo 


35,000 


8,000 


33,1100 


11,000 


II 


1,188, 


1,100.000 


1,048,000 


l.ois. nun 


86,000 


7,000 


33,0(10 


11,000 


13 


1,142,000 


1,105s 000 


1,064,000 


l,o-1 s.n< in 


34,000 


8,000 


3::,ono 


11.000 


18 


J ,151, (too 


1,110,000 


1,4150,000 


1,065,000 


38, 


8,onn 


33,0011 


11.000 


1 1 


1,152,11(10 


1,120,000 


1.0(11), noil 


1,000,04X1 


82,006 


9,000 


33,000 


11.000 


16 


1.11 1,1 


1,122, 1 


1,071,000 


1,070,060 


82,000 


8,000 


32,0110 


1 ", 


18 


1,185,000 


1,114, mm 


1,064, ) 


1,072,000 


81,000 


0,000 


32,000 


in. nun 


17 


1,116, 


1,108, 


1,055,000 


1,066,000 


311.0110 


.9.0110 


32, nno 


111,1100 


18 


t. IK., ihiii 


1,088,000 


l.olo.non 


1,056,000 


80,000 


9,000 


31.0110 


10,1100 


" 


1,106,000 


l 088,000 


1,039,000 


l.nln.non 


29,000 


9,000 


31,000 " 


in, non 


20 


1,104,000 


1,081, i 


1,081,000 


l.o lo.oi 10 


2(i.Oi 10 


0,000 


31,1)00 


in. non 


=1 


1,105,000 


1,076, CM (0 


1.02C, (HID 


1,030,000 


29,000 


8,01111 


31,000 


lo,ono 


22 


1,009,0110 


1,079,000 


1,020,1100 


1,026,000 


28,000 


8,000 


81,000 


1 0.000 




1.098.IIIM) 


1,071.000 


1,024,000 


1.0:10,1100 


28,(iOH 


8, nnn 


30,000 


111,) 


24 


1,097,'IUO 


l,ii7:i.ono 


1,4)25,001) 


l,li25,in.ii 


27.O00 


8,1101) 


30,000 


10,000 


25 


1,087,000 


1.072.1 


1,024,000 


1,1*26,000 


2C,iioo 


9, 1 


30,000 


in.noo 


2fi 


[,084,tHK> 


1,002,000 


1,015,000 


1,025,1 


20,0011 


8,000 


30, ) 


10,000 


27 


1,078,4)00 


1,001,000 


l.oi:l,ooo 


1,015,000 


25,000 


8.1 ion 


.'111,01 10 


10,0110 


28 


1,1 82.IHH1 


1,054,000 


1, IU 111. Ill HI 


1.016,000 


25.000 


7, non 


29,0(10 


10,000 


J!J 


1.1152,000 


1,038,000 


994,000 


1,010,000 


■j i.ono 


7,doi> 


29,0110 


10,0110 


80 


(.11 17,1 Hill 


1,080, 


085,000 


W5,iion 


28,000 


7,.n.ii 


29,000 


10,000 
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Dinf-ha njt •■■per secant} hi. 1851 — Continue!.]. 



Uiitc 


M1*xb;*ji>|bl rhpr M — 


Crrva^" tf* 


BlJMIH. 


IW river litml- 


Baton Rurjp 1 . 


DonAldfagEyjIte 


Cirrillton. 


Not l uriI i. 


8,-t. ."i.iiii.I ' ; . 


PttVLUsBilb*. 


Lit PaitridJA, 


1S.U. 
M.iy 1 

« 

8 

i> 

10 

11 
12 


Cubic ftti 
(,084,000 
1,018,000 

9K2, 110(1 
084,000 
049,000 
623,000 
912,000 
897,000 
670,000 
885,000 
851,000 
823,000 


p§lil|ill||ii 


UH 1,000 

073,01*0 

O.'iH.OOO 

020 OHO 
916,000 

900,000 

8S7,000 
880,000 

872,000 
857,0*111 

845,000 

886,000 


' i :■ ftrt. 
'.is.Vlillll 
Hflft.OOO 
975,000 
!n;o,ooO 
B$2,00U 
920,1 KH) 
008,000 
81*0,000 
884,000 
875,000 
8f ,0,000 

si'. ,,UI HI 


Quite fttt, 
23,000 
22,ooo 
£1,000 

IS. OP 10 

M},HQfl 
13.000 
11,000 

H.I POO 
6,000 

4. ooo 
2,000 
1,000 


CuhtC frtt. 

I, IIMII 

.■,.ooo 

8,01 JO 

4.1 mo 
8,000 
a,ooo 

i. ) 

1,1100 

a 




II 


Cubit, fttt. 

gs,ooo 

28,000 
27,iK)0 
27, ooo 
20, mill 
24.000 
2:1.000 
22,000 
21.0110 

20,000 
19,000 
18,000 


( 'libit frrl, 
10.0011 

0,1100 
8,000 
0,000 
0.000 
0.000 
8,000 
H.OOO 
8 t 000 
7.1MIO 

7. > 

7,000 



Since the- modifying influence of the channel maybe neglected below Red-river land- 
ing, the daily discharge per second at each of the four localities in this 
charges com- table, if no breaks in the levee had occurred, may he obtained by 
pared with those adding to the actual discharges the corresponding crevasse discharges. 
in the manner already indicated in the analysis of the flood of LS58. 
The daily modification in discharge effected by the crevasses is exhibited by plate 
XVIII. The actual and the modified maximum discharges are compared with the 
same .quantities in 1S58, in the following table: — 



Ftoorf 0/ 1851 run i j i< 1 mi with thai of 1858. 



i^..i,iit> 



Red-river landing 1,206,000 

linioti Hougu... 1 ,100, ooo 

Dnnuld*.. li villi) 1.166. 

('iirrulll.oi .1 1,188,000 



Actiwl minimum •liacluirgi . 



Fl.ml "f IBM. 






Flow!..)' 18SS 



Cnhic frrl, 

[,238,000 

1.2US, I 

1,107,000 
1,188,000 



I»iffp.-r»Tic.\ 



Cubic fttt. 
82,000 

12, 00(1 

18,000 

:;:,, i ii m 



Maxim n in .ii.*liurg»: lewis. perGclal. 



f'ln..l..f l\:.i 
il*low Kml-rlviir 

1(111 ill lilt J, 



Cubit fret, 

1,208,000 
| a 2O6,0MI 

I.I ,*,IHm 

l.l.V.i.imo 



h'l,.,,i of IftSS 
.^■lun i ". « | .- ■ 
(itwli-nii). 



Cllbir ftrt, 

1,388,000 
1,8 18,000 

l,207.ooo 
1,207,000 



lull'- ■ 



Cubit fttt. 
182,000 
182,000 
180,000 

Ui\ 



Since the Hood of 1851 was comparatively small above Red-river landing, tliis 

table establishes two important facts. First, that if the river had been 
First and most „ , , .. , , ,, . >■ , ,, ,, . ,. , ,,-1 , 

important result confined to its channel, the maximum discharge in the flood ot lSoi at 

of this analysis a ]i points below Ued-river landing must have been some lOO'.OOU cubic, 
was much "^et P er secoj > u l*-' ss tuan > n 1858 under similar circumstances, and 

smaller than hence that any measure calculated to restrain the latter Would have been 

that of 1858. amply sufficient to restrain the former. This is all that it is essential 
to determine, in order to serve the purposes of the present analysis; but the practical 
importance of the second fact justifies a short digression fur the purjxjse of discussing it. 
This second fact is that the crevasses in 1851 had scarcely any influence upon 
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the actual maximum discharge in that year, and hence that they did not Second result 
materially modify the high-water mark. This result is very different SSs^oncS- 1 ' 
from that arrived at by Mr. Charles Ellet, Jr., who conducted, under the sions respecting 

authority of -the United States Government, a system of measurements this fl ood are en- 
* •> tirely erroneous, 

in 1 S-j J , simultaneous with those of the present Survey. He re- 
ported that ( 'if it be determined hereafter to rely exclusively on levees, and pre- 
vent the occurrence of crevasses altogether, these levees, to sustain a Hood like that 
of 1851, must be made from Ked river to New Orleans, competent to resist an 
increase of ten per cent, in the volume discharged by the river; or, in the view of 
the writer, at least 2 feet higher than the present banks. Tins condition, it is 
apparent, would involve the entire reconstruction of the embankments on both sides of 
the river; and hence, i« orthr >>> retain merely the erevmse-wuter of this year, the levees 
must be entirely reconstructed, and made 2 feet higher; or new outlets must be opened 
competent to vent 100,000 cubic feet per second — which is more than the volume now 
drawn from the Mississippi at high water by the Atchafalaya itself." 

Such contradictory conclusions as these, in regard to matters of so great practical 
importance, seem to demand .some inquiry as to the causes of discordance. The data 
and the reasoning of Mr. Ellet will therefore be briefly examined. 

His opinion that £: in order to retain merely the crevasse-water of this year, the 

levees must be entirely reconstructed and made 2 feet higher," is founded . , 

. . , ,. 1. ,i ,, r ,, . , Errors m the 

solely upon his belie] respecting the amount taken from the river by data upon which 

crevasses at the date of actual high water. This quantity he com- his opinion is 
puted to lie 100,000 cubic feet per second by the following process. 

On April 26j when the river had fallen 2.8 feet, he gauged the Mississippi below the 
mouth of Bed river, and found the actual discharge per second to be 1, (Jo 1,000 cubic 
feet. By bis formula, whose errors have already been illustrated in Chapters III and 
V, lie computed that at high water the discharge per second must have teen 80,500 
cubic feet more, Henee be inferred that at the date of high water the discharge 
per second at Red-river lauding was 1,134,500 cubic feet. Plate XVII exhibits the 
relation of his single observation (there indicated) to the true maximum discharge; and 
hence the radical errors of any such method of determination. If he had happened 
to make his measurement on March 17, the date when the rising river had attained to 
the same stage as that of April 20, he must, by the same process of reasoning, have 
inferred that the discharge at the date of high water was 100,000 cubic feet per second 
more than bis actual result; hence that the crevasses discharged double what he 
actually computed, and hence that the levees from Ked river to New Orleans ought to 
be raised four feet instead of two, in order to restrain (his Hood. It is plain that a series 
of daily measurements alone can be depended upon for settling so important an ele- 
ment of the computation. This [ilan, as already seen, was carried out by tins Survey, 
and the result (see last table but one) shows that the actual discharge per second at 
lled-river landimr at the date of high water was 1,100,000 cubic feet, or 01,500 cubic 
feel mure than Mr. Ellet computed, 

Mr. Ellet next computed the high-water discharge of the Mississippi below New 
Orleans at the t>'p of the tlood by precisely the same procest. lie gauged the river at 
a point 1 1 mih's below the city 00 April 10, when the water had subsided 0.5 of a foot, 

46 
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and found the discharge per second to be 9 79,24 (J cubic feet. Adding 15,700 cubic, feet, 
the amount indicated by Ins formula, as the diminution caused by the subsidence, lie 
inferred that tbe discbarge per second at high water was 995,000 cubic feet. Professor 
Forshey's actual measurements at Carrollton (see last table but one) sbow that at that 
point tbis quantity was 1,111,000 cubic, feet. Only one crevasse (No, 8), between Cur- 
rollton and tbe point wbere Mr. Ellet made Ids gauging, was flowing at the date of high 
water (March 27-30). On March 29, by actual measurement, this break was 130 fret 
wide by feet deep, and its discharge per second was therefore 0000 cubic feet. De- 
ducting this amount from the measured high-water discharge per second at Carroll ton, 
we have for the true high-water discbarge per second at the site of Mr. Ellet's gauging 
1,105,000 cubic feet, or 110,000 cubic feet more than be computed. 

Mr. Ellet' s next step was to determine the discharge of bayous Platpiemine soul La 
Fourehe. He dues not mention tbe dates ;it which be gauged these bayous, but states 
their high-water discharge per second to be respectively 28,500 cubic feet and 10,200 
cubic feet, giving 38,71)0 cubic feet for the discharge per second of the two. The de- 
tailed operations of this Survey (see Appendix D) show that these quantities should he 
35,000 cubic feet, 11,500 cubic feet, and 40,500 cubic feet, respectively. Mr. Ellet's 
discrepancy here, then, is comparatively small, being only 7800 cubic leet. 

These three quantities form the basis of Mr. Ellet s determination oi' the discharge 
of the crevasses at the date of high water, 1851; for he argues that they must have 
discharged the quantity found by .subtracting the discharge of the two bayous from the 
difference between the actual discharge below Red river and that below New Orleans. 
The following is the computation: — 



Al itiito i <f high waler, t*M. 


by Mr. Eliot. 


IJUIU.I. 

liltml l>.r tin- Ihll" 




Cubit fift. 

I.U'.I. .mi 


Ouhic )>•■'. 
1,186,000 
[,106,000 




1,1 '1,',, til II) 




13',I,.',IMI 

88,700 


in, in in 

4(j,LHIU 




IMI.WIII 


4rj,iHin 



This table shows that, granting Mr. Ellet's reasoning to he correct, he was led to 
_, . apprehend more than double the real difficulty in restraining this fiood, 

for on'e half of by the errors lie made in determining the numerical values of the quan- 
his error. tities which enter his computation. The computed discharge per second 

of the crevasses at the date of high water, which he made 100,000 cubic feet, should 
have been only 45,000 cubic feet. 

The next point to be illustrated is that the foregoing train of reasoning, upon 
Tl ther half w ' lK -'^ ^ 1> - Ellet bases his estimate of what is necessary to restrain the 
was occasioned Hood, is essentially erroneous. His method of computation is bused 
by hia illogical upon two assumption*: first, that whether the levees are broken or not, 
the date of actual maximum discharge at any locality remains un- 
changed, and hence that what this discharge would be with levees perfected may he 
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compute J by adding to the discharge at actual , high water the quantity then escaping 
by crevasses; and second, that the dates of maximum discharge and oi' highest water 
are necessarily identical. Neither of these su|j positions is admissible. The first is 
clearly shown to be erroneous by the curves of daily discharge with and without cre- 
vasses, in the iloods of 1851 and 1S58, exhibited by plate XVIII. It is evident from this 
diagram that, had no crevasses been discharging below Red-river binding at the date of 
actual high water (about April 1), the discharge would not have been sensibly greater 
than that which was actually passing prior to the occurrence of any break in the levee, 
say about March 15. Hence, if Mr. EUct's second supposition were correct, the high- 
water mark was absolutely unallotted by crevasses in tbis flood, instead of being lowered 
2 feet as he supposed. In other words, his reasoning, applied to the actual conditions 
existing during tbis Hood, leads logically to the conclusion that the levees, as then made, 
were of sufficient height to protect the country from overllow. 

Mr. Ettet'e second supposition, however, is erroneous, as has already been fully 
shown in discussing the subject of local slope in the last chapter. The 
Qood of L861 at Red-river landing illustrates this subject very prettily, SSa«?S?«» 
as may be seen by inspecting plate XVII. From March 15 to March HI, plex phenomena 
the discharge per second remained uniformly about 1,200,000 cubic feet, presented by 
At this time, Bed river was pouring out a flood Sufficient to supply the Louisiana, 
entire discharge of bayou Atchafalaya, and to contribute besides nearly 
100,000 cubic feet per second to the Mississippi through the channel of Old river. (See 
Appendix D for details of measurements.) Floods from Red river, however, are of short 
durationj and this was the case in the present instance. By March 23, the supply had 
diminished somewhat more than 4O,0IU) cubic feet per second, and the rate of rise at 
Ked-river landing began to be retarded, as usual when the river is about to fall. But 
at this date the water from the Lookout crevasse (see Chapter II) began to pour 
in large quantities from the Tensas bottom lands into Red river, and, joining 
through Old river the gradually increasing discharge of the Mississippi from above, 
produced a second gradual iucrea.se in discharge at Red-river landing, until on 
March 29-31 it became sensibly ecptal to what it had been on March 15-19. The 
stand of the river, though, was 2 feet higher than at that dale. This result, apparently 
so anomalous, is really peri'»rtK in accordance with the principles which govern the 
changes iu local slope- The diminution in the supply diminished the local slope, and, 
bad it continued, would soon have produced a fall in the river. This was not actually 
llit- cast-, because a second increase in the supply took place, occasioning a new 
increase iu local slope. Hut this new increase in slope was added to a pritnittce 
Jljh matter than it would !>«>•<_. hem h«d no diminution in supply previously oticurmL 
U> nee a higher stand of th<: riser was moesaary to oairry off fJie hwea&d flisdktxrge. 
This important fact is well illustrated by the diagram ([date XVI I). When the 
discharge began to decrease, the gauge read about 14.5. If the increase of about 
40 000 cubic feet pel second, which actually occurred between March 23 and March 30, 
had occurred at this time, the curve shows that — m liCiwHy was tin- case in 1858 — the 
river would have risen about 1 foot higher, or to about 45.5 on the gauge, and would at 

that stand which was 1 foot lower than the actual height attained — have discharged 

40 000 cubic feet per second more than its actual maximum discharge in 1851. llence 
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it is clear tliat the Lookout crevasse, so far from lowering the high-water level at Red? 
rivcr landing in that year, actually raised it nearly 1 foot by its mischievous influence 
upon the local slope. 

What the height of the flood of 1851 would have been at points below Red-river 

landing, considering the crevasses above that point to have occurred as 

of°tWs 3 flood 1Sllt ^'^ ^ occur, and those below it to have been prevented by better 

under certain constructed levees, can be easily estimated from the discharge of the 

modified con- crevasses f-'iveii in the table before the last. Thus at Baton Rouge, at 
ditions. n i i • 1 1 ■ • i '" • i i 

Donaldson vole, and at Carrol Itnii. these quantities being on April I 

about 3(1,000, 40,000, and 40,000 cubic feet respectively, the increased height of the 

flood would have been about 0.7, 0.7, and 0.-3 of a foot respectively. It' there had been 

no crevasses above or below lied river, the flood at Carrollton would have risen 0.3 of a 

foot higher than the height actually attained, 

3. For the flood of 1851), the data are too meagre to admit of the close analysis which 

has been applied to the floods of 1859 and 1851. Indeed, for the region 

«! M ,l°«!.i«l 11 above the mouth of lied river, none can be attempted. It is certain, how- 
the upper river. _ ' * 

ever, from a comparison of the high-water marks of the two years in the 
river itself and in the; great swamps, that the flood of 1858 was the greater of the two 
in the upper river. If we bear in mind the principles already laid down relative to the 
action of these swamps, the following computations — based upon the surveys made 
below Red-river landing by the held parties in 1851, and upon the facts collected by 
them or derived from published documents of the State of Louisiana — render this 
equally certain for the lower river. 

The dimensions of all the crevasses between Red-river landing and New Orleans 

were measured by the parties of this Survey, and till facts bearing upon 

Bataforcomput- their discharge determined. The following table exhibits the data col- 
mg the dis- mi. - 

charge of the lected. The bank in front of crevasse No. 1 was caving badly, and it 

crevasses below j fl probable that from this cause the width of the crevasse as measured 
landing. !lt low water was greater than when it was discharging. Crevasse No. 2 

occurred where the levee crosses a neck of land, and where the supply 
of water was therefore indirect. Both of these crevasses, sis well as No. 6, where the 
levee was several hundred feet from the edge of the bank, occurred where a dense 
growth of timber prevented the free flow of the water. These facts indicate that 
their discharge as computed by the usual formuhe should be corrected by the coefficient 
deduced for the breaks into the Yazoo swamp in the flood of 1858. The exact date of 
occurrence of several of these crevasses is somewhat uncertain, but no material error 
in this respect can have been made. 
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Crevasses hi thcjlood of 18-50. 
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1 

8 
4 

5 
(i 
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s 


W-nlttJf. 


I bulk ,.r 

iIvit. 


Dnlu e£— 
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U'ii M 


tfc'iitii hi 
K»ter, 


gMMU-kt, 


Beginning to 


['. .i-i,,;;' |.. 

ill.'-i.'liiirjfo. 


1 mile l>e!inr fifl-iiviT toBilittg... 
Jn hiiIl<h below Kerl-river luDiiing 
i". miles below JUd-river luuiiing 
2S miles below Rod-TITBT biroliug 
47 uiiles below Heil-rivor bin 1 ling 
SO miles lu-lnw Red-ll*M landing 
fill miles below Ked-rm-r landing 


Hil-lll 

llijiht 
lli^ln 
Higl.t 
Riglit 
Riglit 
Kiglit 
Utfl 


Pel). 15, 18(50 
Feb. 10. ■■ 

Feb, lo. " 
Juris '.', 
Fuh. U, " 
Feb. 16, - 
Feb. 15, " 
Dec. 2'.', 1840 


IS60, 

Jiitv 5 
July 6 
July 6 
July 5 
Juno 21) 
June 20 
J u lie 2M 
July 1.1 


toet. 

8700 

1 H',11 

•ill Ml 

Hill 

4lDO 

P8O0 
aeoo 
6900 


2,7 

4,.:, 

4.7 

no 

8.5 
8.3 

2.7 
6.6 


TUe (TeVnsKe at Bonnet Carre 
(No, 8} Ml l>ec. 30, Jan. 2d, l''eb. 
5, mill July 1 whs re^ueu lively 
120ft, 2oOii, 8500, and ,".::un fojt 
in wiill b. At the lusr dale, the 
break in lb* teTH was 0900 feet 
loiijr, lint IljOII feel were ob- 
structed by drift so aa to [ireve.ni 
iho flow of llio wilier. 







The mean monthly discharge uf these crevasses was computed by the usual method . 
No especial explanations are required except in reference to the manner 
of determining the depth at the different dates. TUe Carrollton gauge B£g.fi?S 
kept by Professor Forshey (see Appendix 13) furnishes the basis of this charge; with 
determination. The mean depth of water surface below the high-water JjJJj t J xhihitJng 
mark of I860, during any given month at Carrollton, multiplied by 
the ratio between the total ranges of the river at that place and at Bonnet Carre* 

^l- wfis deducted from 5.5 feet for the mean depth of the Bonnet-Carre crevasse dur- 
ing that month. For crevasses 5, 6, and 7, which were all near together, and about 
20 miles above Baton Rouge, the following process was adopted. Knowing the 
mean gauge-reading during any month at Carrollton, and the corresponding discharge of 
the Bonnet-Carre crevasse, it is easy to determine, from plate XIV, how much higher 
the river would have stood in that month, if this crevasse had not occurred; and 
hence, how much the water surface would have been below the high-water level of 
1851, Multiplying this number by the ratio of the total ranges of the river at a point 

2H i idles above Baton Rouge and at Carrollton f u A, the depth below high water of 

1851 at the three crevasses is determined. Deducting 0,4 of a foot for the recorded 
height of this Hood above that of 1850 at this locality, we have a set of relatively cor- 
rect depths below the high water of 1850 at the three crevasses. But the recorded 
date of this high water was March, Hence, the difference between the depths com- 
puted for tins montfa and for any one of the rest, deducted from the maximum depth 
given in the above table, leaves the true depth of the crevasse in that month. At Bed- 
rivpr landing, the flood began to subside on June 11. There were oscillations prior to 
this date, but, as no record of them was kept, the river has been assumed, in the com- 
putation of the discharge of crevasse No, 1, to remain at high-water mark. Crevasses 
2, 3, and 4 were midway between Red-river landing and crevasses 5, 6, and 7. Hence, 
for their depth in any month, one-half of the depth of water surface below high water 
of 1850 at the latter was subtracted from the maximum depth given in the above table. 
The following table exhibits the result of the computations: — 
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Mecm discharge ger mvnd of ormwea in flood of 1850. 
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The exactness of the determination of the maximum discharge over the right hank 
Testoftheaccu- mav Uv U '* Uh1 in tilL> &Howi»g manner. The Atchafalaya river dis- 
racy of this charges not only the legitimate drainage of its hastn, hut also all the 

determination. w;it( . r w-fajcb escapes from the Mississippi river by bayou Atehalalaya, 
fey bayou Plaqucmine, and by any crevasses on the right bank which may occur between 
Red river and bayou La Fonrche. This whole volume of water is practically gathered 
at Brashest City into one channel called Berwick's hay,* Hence the difference in the 
maximum discharge through Berwick's hay, for any two floods, measures the sum of 
the corresponding differences in the rain drainage, the bayou contributions, and the cre- 
vasse discharges in the two years. No actual measurements of the maximum discharge 
at Berwick's hay in a great flood have ever been made, hut the difference in this quan- 
tity in the (loods of 1S50 and 1851 may he computed by the new formula.', since all the 
quantities upon which it depends were measured. The corresponding diiterenec in 
rain drainage may be determined from the observations made hy the Medical Depart* 
ment of the United States Army. The eorrcBponding differences in the bayou contri- 
butions result from the measurements of this Survey. The discbarge of the crevasses 
in ISol has been already given. These quantities all being known, the exactness of 
the last table evidently admits of a direct test. The numerical value of each of I he 
quantities which enter the computation will now be considered. 

The high-water dimensions of cross-see ti on, and the elevation of water surface 
above the gulf, at Brashear City, were determined for the floods of 1850 
ami 1801. The distance from Brashear City to the gulf level is about 15 
miles. The channel in this distance undergoes great changes, so that 
the mrnji. dimensions of cross-section which correspond to the known fall 
of water surface cannot be inferred from the known cross-section at 
The absolute maximum discharge in neither of the floods, then, can lie 
computed. This is not true for the relative discharge, however, since the variations in 
the cross-section and slope at Her wick's hay are both known. The dillerenee in the 
maximum discharge in the two Hoods, as just seen, is all that the present problem 

* One small draining Ihiyou fntm tJrmul luK.v, named Uiruf, enters iln; Af'li:it*.ihiy.i river just bold* HenviclTa bay, 
hut. us its cross-section, e»en in il»r flowj nf L829, was onlj liberal ij.dihi mpan feet, 11 may be M&ly neglected, etpe- 

iHnlly as tin- operations In 1851 ai the upper it to of bajroa Atehafeutyv itnlit'tte tkat nndersnob ctrcntutwoeit the 

effect or the fribntary upon the alt)])i' »( t lie ui.tm stream diiiiiu^in ■-. the discharge by an amount, nearly w ijuito 
u<|ual to ils entire contribution. 



Difference iu 
maximum dis- 
charge of Ber- 
wick's hay in 
1850 and 1851. 

Brashear City. 
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requires. The following are the data for its determination, and the result of the 
computation : — 
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132,000 



Difference in 

corresponding 

downfall. 



Difference in 
corresponding 
bayou dis- 
charges. 



Difference in 
computed 
crevasse dis- 
charges. 



By the army meteorological records kept at Now Orleans and Baton Rouge, it 
appears that the downfall of rain in this basin in May, 1850, was 0.3 of 
a foot more than in March, 1851. The area of the Atchafalaya basin 
is 40 ID square miles. The excess of drainage of rain-water in 1850 
over that in 1851, at date of highest water at Brashear City, was then 
(5380)' x -tfUU X 0.3 -]-,„„. , • » t 

SI yilix MX M = Ba ? 1 * J ' tJ(JU cuble feet l* 1 " »ecoi)d. 

Bayou Atchafalaya, at its upper mouth, being 1.2 feet higher on June 1-15, I860 
than in April, 1851, discharged 10,000 cubic feet per .second more. 
Bayou Plaquemine, being about 2 feet lower, discharged 0000 cubic 
feet per second less. The quantity entering the Atchafalaya basin in 
1850 by these bayous was then 10,000 — GO 00 = 4000 cubic feet per 
second more than in 1851. 

From the table before the last it appears that the discharge of the crevasses in 1850, 
when the water was highest at Brashear City (June 1-15), was 
124 000 cubic feet per second. By the table on page 3.59 it appears 
that in 1851 the corresponding discharge (April) was 80,000, The 
diflerence, 04,000 CttbiC feet per second, was then the di do re nee of 
crevasse discharge in the two years. 

Hence the difference in discharge at Brashear City in the two years, if the compu- 
tations of the crevasse discharges in 1850 are right, was 15,000 + 
4000 + 1)4,000 — 113,000 cubic feet per second. The computation test 
of this difference by the general formula gives, as just seen, 132.000 
Cubic feet per second, A discrepancy of only 10,000 cubic feet confirms the exactness 
of the determination of the quantities entering both computations, especially as it in ay- 
be accounted for by the fact, that lied river was over its banks at the mouth of Black 
river, and hence that there was probably some overilow into Atchafalaya basin in that 
vicinity. 

What would have been the maximum discharge below Bed-river landing in 1850, 
provided none of the levees below that point had broken, may now be 
ascertained. The actual discharge per second at Carroll ton may be with'thatof 1858. 
closelv determined for any day on which the gauge-reading is known, 
by means of the curve on plate XIV. Adding to this quantity the corresponding dis- 
charge of the crevasses given in the table preceding the last, we have the following 
result: — 



368 



REPORT OX THE MISSISSIPPI BITER, 



Di&dumjn at Carrollton in flood of 1850. 
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It will be remembered that in the Html of 1858 the maximum discharge at Carroll- 
It moves to ** m w '^' P er fc c tcd levees wouM have been 1,297,000 cubic feet per 

have been much second. This quantity is greater than the maximum discharge eon- 
smaller. tained in the above table by more than 100,01)1) cuhie feet per second. 

A in' measures calculated to restrain a Hood like that of 1858 must then be ample to 
restrain a Hood like that of 1850. 

-1. The Hood of 1828 occurred so many years ago, and under conditions so different 

, . -„ j f™ m those now existing, hoth in respect to levees and cut-offs, that it 
Analysis of flood . 

of 1828 leas exact ought perhaps to be classed with the traditional Hoods, which cannot 

than those which , imv }, e satisfactorily analyzed, because we cannot he sure of the essen- 
tial facts upon which their discussion depends. This view would he 
taken, were it not for the extravagant ideas prevalent respecting the Hood, which 
render some general discussion of it advisable, if for no other reason than to fix an 
approximate limit beyond which it would be idle to entertain fears of inundation. 
It is therefore to be borne in mind that this analysis is of a different character from 
those winch have preceded it, being offered with no pretence to the same accuracy. 
Grounded, however, upon all the recorded ['acts which a diligent search has brought to 
light, and conducted upon the principles which actual observations have indicated to be 
true, it is considered to be as complete and exact a discussion of this greatest of all 
recorded overflows as can now be made. 

The northern ^ ne St. Francis, Yazoo, and White river swamps were entirely 

bottom lands unprotected by levees. Therefore, as already explained on pages 
Trde^inTis' ;; "> :; -*- they produced no effect upon the high- water level below 
cussing this flood Vicksburg, and may be neglected in discussing the flood for Louis- 
for Louisiana. 



tana. 



Synopsis of 
the flood in 
Louisiana. 



The Tensas bottom was Hooded to such an' extent that, opposite Natchez, the 
water level in the swamp was nearly I he same as in the river. Escap- 
ing in vast quantities at the southern border of this region, the water 
encountered a great flood in Bed river. No natural channels existed 
for the discharge of such an immense accumulation. The result was an overflow of 
the entire southern bank of Red river from Alexandria to its mouth (excepting the 
Avoyelles prairie), and of the hank of the Mississippi from the mouth of Red river to 
the head of the levees, which then extended nearly up to lled-river landing. This gjvnt 
waste-weir saved the region bordering upon the Mississippi below' the bead of the 
levees from inundation, only one serious break — that near Morgauza — occurring 
below that point. 
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Thcsu recorded facts show that the analysis of the flood is really more simple than 
that of any uf those already discussed; since it is only necessary to 
determine how much water escaped through this natural waste-weir, analysis, 

tin.' bayous and the erevusse, in order to determine what the maximum 
discharge would have been, had the levees been perfected. 

The object, then, is to ascertain how much water would have been flowing in the 
Mississippi just below* the mouth of Bed river, in the flood of 1S28, if all the river-water 
discharged into the Tensas swamp had been returned to the Mississippi at that point 
(or, what is the same thing, if the overflow of that swamp had been retained in the 
river), and if all the water discharged into the Mississippi by Red river had been 
retained. This quantity is equal to the actual discharge of the Mississippi below 
Plaque [nine, plus the volume lust into the Atchafalaya basin by Red river and the 

Mississippi. 

Tin- first step is to ascertain the actual high-water discharge of the river below 
rinqurmme. from which point to the gulf there was no lateral discharge ^ ^^ ^ 
excepting through bayon La Fonrehe. The gauge-records at Natchez, charge of the 

fivr IS^S indicate that the river remained at the full-flood stage near Mississippi 

.... , , Ti , ,. „ Mj , . below the last 

the gulf for a considerable period. Its elevation at Larrolltnn during p i ut w here 

that period having been noted, the discharge can be closely estimated, any overflow 
(See plate XIV.) It is to he observed that, when the river at Carroll- occurre ' 
ton is within 3 or 4 feet of the Hood height, the difference between the rising and fall- 
nig discharge at the same gauge-reading is 1)0,000 cubic feet per second, and between 
fcbose conditions and a stand of the river at the same height, the difference in discharge 
is one-half that quantity, Hence the discharge below Plaquemine at the. highest stage 
of the river in 1828 (gauge 15.2) was, according to the diagram, 1,110,000 cubic feet 

per second. 

Tbe next steo is to determine the volume discharged into the Volume lost into 

, ,. ,i n i .. -r. i - i c ii Atchafalaya 

Atehafalava basin at the top oi the flood, from Red river and from the basill ne xt to 

Mississippi. be considered. 

In the analysis of the flood uf 1850, it was shown that the Ateha- 
falava basin drained into the sea through Berwick's bay, and that the duced from the 
difference in discharge at this point between two floods can be computed measurements at 
by the general formula (equation 40), the cross-sectiona and elevations 
above the gulf being known. These quantities were measured* for tbe floods of 



• in MOTUntng tfeftt tb« gwatetf di-charge through Berwick's buy took place at Hie to t , or the flood m 1838, the 
BU»t na&TOMtte nun: i* taken. The awumptl..t. i- [.robahly correel for that Hood, since the discharge from K,,l 
river and troffll Oil ttfenlwippl was almost entirely over banks ami through bayous, and only lo ft small amount 
through erotosMfl. 

[f it 1... (iliji-i-ii-d l hut Ui.' area of the chiiuticl al. Berwick's buy has been diminished li v the deposit of sedimentary 
D1»tt« sine*' 1828, it mny bo replied Unit tlic uoiindinjts of the Survey in \is!>fi, and tliose of Mr. Hayley. Chief Engineer 
of the OncloosiS railroad, in 1863 gee Appendix l'i, were made upon cv.icllv l lit; same line, and that no change 
whatever occurred between tto.se dates. The location or the soundings made by Professor Forehey, in ls.~»l, could 
not be determined irith BuKcieat precision i» 18&8 to admit of remeastireineut, ami none was therefore attempted. 
So far a* ft.' 1 "' 1 ■-" -■ 1 1 • ' I i ■ i — - ;l|r eoneernedi then, there is ho reason for supposing any diminution of area since 1828. 
Tl ■ unt conclusion ' «n^L''-*l" > d by I he lolloping general consideration* ; the average miiiilicr of days iu a year 
dnriii" which water was Ikwung OTW the hanks into the Atchafalaya basin at, the epoch of lU'lti was small; crevasses 
draining to tlmi basin have Keuenilly ocenmd in the great floods since 1828 ; the bayou« discharge certainly as much 
roiw as thev did tormcrlv; there Es, then, uu reason fur supposing that the scouring power bag materially diminished 
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185] and L828. The following table exhibits these data ami the results of tin* 

computations: — 
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Comparative 
amount of rain 
in the Atcha- 
falaya basin in 
1828 and 1851, 



If, now, the excess of the rain drainage of the Atebafalaya basin at the flood of 
1828 over that at the flood of 1851 he subtracted from the difference in discharge 
given in this table, the remainder will be the excess of the discharge from Red river 
and the Mississippi into the Atchafalayo basin at the good of 1828 over that from 
those rivers at the Hood ol' 1851. If to this latter quantity be added the actual dis- 
charge into the Atcluifalaya basin from Red river and from the Mississippi at the Hood 
in 1S51, the result will be the discharge into the Atebafalaya basin from those rivers at 
the top of the flood in 1828. 

Meteorological tables for the basin of the Atcluifalaya in 1828 could not be found. 
In the discussion of the flood of 1850, it has been shown that the excess 
of rain drainage of that basin at the top of the Hood over that of 1881 
was not less than 15,000 cubic feet per second. The army meteoro- 
logical observations show that in some years the rain at New Orleans 
and Baton ISouge (which may be taken as the measure of that upon the 
Atebafalaya basin) is 12 inches per month, during the winter and spring months, 
exceeding by 0.8 ol* a foot per month that which fell in 1*51. It appears to be proba- 
ble, from the statements made respecting the amount of rain in other parts of the 
alluvial region in 1828, that daring the winter and spring months of thai year such an 
excessive fall of rain took place in the Atebafalaya hasiu. In confirmation of this 
opinion, it may be added that the discharge of the Teche and the Courtableau together 
was not less than 50,000 cubic feet per second at that time, while at the flood of L85J 
it was scarcely appreciable. These streams, however, were connected with Red 
river in 1828, and probably a large part of their water was received from that river, 
while in 1861 this connection was cut oil' by levees. Adopting this estimate of 
excess of rain (0.8 of a foot per month), 40,0()U cubic feet per second is the volume by 
which the rain drainage of the Atebafalaya hasiu during the flood iu L828 exceeded 
that of 1851. 



since IS'Jh. Mo re Liver, the maintenance of the depth of tin 1 Humor) i* n»t in reality dependent upon tin- .«lreittftli of 
ill*.* current daring river Roods, hut upon the utmost entire absence uf uetHaientarj matter transported l>y l ' 11 ' W»tOT< 
This is evident from the following considerations; the Atehafalars river flows from a hire; the bayou* that supply 
tluit lake, deposit ol their mouths moat of tint motto they transport ; hence whatever deposit the Atelinfitluya river 
niaki'M in ils bed must hike place chiefly if not cntirrlj tit the time of the annua! change from higii to low water in the 
MiN.sissi]>])i tint sunt tluit deposit must be mainly at Itaefttax noil its month. Such » deposit must !>c removed by 
the oaual southeasterly stoma daring the Low-watee period, wbicli often rui.e Grand lata several lest mid cause 
u nijiid current from the gulf to the hike nod the hike hi itie gulf. 1'na i apposition of too Silting ap ol the channel i.s 
therefore untenable. (For further ideas upon this subject, aee. concluding remarks upon levees in this ehapter.) 
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The next quantify to be eonsadejed is the actual discharge from Red river and the 
Mississippi into the Atchafalaya basin at the flood of 1851. The dis- 
charge from Red river below Alexandria through bayous to the Ateha- Actual discharge 

- - * irom Red river 

falaya basin may be neglected. The discharge per second of the bayou and the Missis- 

Ate'hafaiaya at its efflux, in the flood of 1851, "was 120,000 cubic feet 'per "J* 1 in flood of 
second. The discharge per second of the crevasses between Red-river 
landing and bayou Rlaquemine at that period was 30,000 cubic feet. The discharge 
per second of bayou Plaqucmiue daring the same time was 30,000. Hence the total 
discharge per second into the Atchafalaya basin from Red river and the Mississippi 
was 120,000 4- 30,000 + 30,000 = 186,000 cubic feet. 

The numerical values of the several quantities which determine the Resulting vol- 
diseharge from Red river and the Mississippi into the Atchafalaya JtSwSiS?* 3 * 
basin at the lluod of 1S28 having been thus ascertained, the following basin in flood of 
computation gives the final result, 1838, 

Outfit? (ml per m-ctint]. 

Computed difference of diashargaat Berwick's bay „ 2i>S,C>ik) 

l)ei\itct esei'ss nf ruin Jruinngcf. fl>,000 

SSS,QO0 

AM (lie ilisch.irgo into Atchnfctlnya hasin in JS- 1 )! 180,11(11) 

Disclmrgc lulu Alelmfalayn basin in 1628 =■= .,„ 41 4 000 

This volume, added to the 1,110,000 cubic feet per second, dis- _ ... ,. _ 
charged by the river below Plaqitemine, gives for the result desired charge just 
|n:imcly, the discharge per second of the Mississippi just below the ! )ell!1 J ;R ? i nver 
mouth of Red river in [828, if all the overflow into the Tensas swamp had been per- 
and all the discharge of Red river had been retained in the river chan- fe "ted. 
nel) 1,524,000 cubic feet per second. 

The Red-river cut-olf. completed in 1831, has modified the condition of the Miasis- 
sippi ut this point; and in the discussion of the floods of 1858 and 
other years, Bed-river landing, situated below the efflux of Atchafalaya, f e rr"d to Bed- 
ims been the point, in this section of the river, to which the analysis bus river landing 
been applied. Foe that reason, the discharge just obtained for the Hood JjJfcfJJSJjJ 
of 1828 at the mouth of Red river will be transferred to Red-river f 1958, 
landing. As the object of this discussion is to determine the efiect of 
the recurrence of such a Hood as that of 1828, the discharging capacity of the bayou 
Atchafalaya will be taken to be that of its present cross-section, with the surface at the 
actual elevation of 1828, Under those conditions it would be 150,000 cubic feet per 
second, making the discharge per second of the Mississippi at Red-river lauding 
1.374,000 cubic feet. But, as already seen, this quantity in 1858 would have been 
1,338,000 cubic feet, givbg an excess in 1828 of 30,000 cubic feet. 

* It li.i- boon already remarked, that the volume received from Red river by the (.'imrtahlcau and Teehe thnragh 
havtui Bccaf *ti 1 ico ■iliiijrly sumll in ls;")l. That, portion of itK volume gent off tlmiu^h Choctaw bayou which 
(rmpliod in'" the Atcbafitfaya through bayou Rouge may ba omitted, since ii is to be presumed that those bayous 
viil be si Way* kept opca 1 and thm thai portion of llcd-rivcr discharge which bs now carried off by them will 
ttlwity:- continue 10 bt il;.< Itarjrnl in that manner without reaching the Mississippi river. That portion of the Bed- 
rivi-r volume which poesa Intii the Atvhiifalaya by the bayou dc Ubuzc is taken nuo aetrouat in the discharge of the 
bayou Ati n.iialaya al its t'tllui, for reasons elsewhere given. 
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With reference to a flood similar to that of 1 828, it should lie further remarked that 
the banks of Old river, west of the Atehafalaya, as well as the western bank of Red 
river for many miles above its mouth, are without leyees; ;md that the discharge into 
the Atehafalaya basin through this natural waste-weir would rod one the volume of the 
river below to such a degree that the discharge at points between Iled-river landing and 
the gulf would not exceed that determined for IS08. The volume thus poured into the 
Atehafalaya basin would not raise the surface of Grand lake as high as it was in I860, 
even under the supposition of the simultaneous occurrence of the excessive downfall of 
rain adopted in discussing the flood of 1S2S. Indeed, the discharge into that basin, ex- 
elusive of that of bayou Plaqueraine, would not exceed the volume of lied river itself 
in its ilood state. Assuming, then, that this strip nf low land is to remain unleveed, 
which appears to be probable, such a flood as that of 1828 would not produce a greater 
maximum discharge below Red-river landing than that which would have occurred 
in 1858. 

This completes the analyses of all the great floods for which the necessary data 

exist. The investigation establishes that, supposing the levees below 

aaalyses^stab- Cape Girardeau to have been perfected, the maximum discharge in the 

lish that the Juno and July rise of 1808 would have exceeded the maximum dis- 

safe standard by char S e iu (m y of the other (lomls at a11 l H) ' mis !l,J,,VL ' t"'- 1 uvulitli of Red 
which to esti- ' river; and. excepting ID 1828, at all points below that locality; also 
that if the strip of low land above and near the mouth of Red river 
remain unleveed, the last exception need not be made. This Hood, 
then, is a safe standard by winch to judge of the merits of the different 
methods of protection, and it lias accordingly been adopted for that 
purpose. For convenience of reference, the table exhibiting the actual maximum dis- 
charge, and the maximum discharge with levees perlected, is here repeated: — 
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ANALYSIS. OF PLANS KOH PROTECTION, 

Three ilistinet systems have been proposed for the protection of the bottom lands 
against overllow. Those are: First, to modify the actual relations General elassifl- 
cxistin; T between the accelerating and retarding forces in the channel, cation of plana 
in SUCh a manner as to enable the former to carry off the surplus Hood- or P rotectlon - 
water without so great a rise in the surface us they now require. To this system 
belong eut-ofls. Second, to reduce the maximum discharge of the river. To this sys- 
tem belong diversion of tributaries, artificial reservoirs, and artificial outlets. Third. 
to confine the water to the channel, and allow it to regulate its own discharge. To this 
§ystem belong levees, or artificial embankments. Each of these systems has its sidva 
tages and its disadvantages. Before deciding, then, upon the best practical system 
nmtection from the Hoods of the Mississippi, each system must be examined in respect 
to its feasibility, its dangers and its cost, as applied to that river. This will be done 
separately for each plan in turn. 

CuU>f)k The system of diminishing the natural resistances opposed to the tlow of 

the water, by cutting off the bends of a river and thus lowering the 

surface, has often been advocated for restraining the Soodsof the Mis- ting off bends, 

sissippi river, and has even been partially applied under the authority to lower the 

of the General Government and of State legislation. It should therefore 

be fully discussed. 

It is an essential part of the system of cut-oils, as proposed hy writers on hydrau- 
lics that the cuts shall be made continuously from the mouth of the 
river to that portion where it is proposed to reduce the height of the bU'as^i^ed 
Hoods. This is urged upon the ground that the greater velocity of by hydraulic 
the water in the part where the slope has been increased by a cut, JJJ^jJJ J^ ge 
will brin" a larger volume in Hoods to the portion below the cut, Mississippi, 
where the slope fort Wt &WW increased, and where, consequently, the 
water will rise higher than before. A second cut must therefore be made below the 
first and so on to the mouth. This reasoning may he sound when applied to the small 
streams had In view by the writers, where a few hours make a material change in the 
Hood, hut evidently it is not applicable to ihe Mississippi, where the water often remains 
for weeks at Hood height. Moreover, such extended operations are manilestly imprac- 
tical .h\ mid, then- fore, need not be considered. 

The practical effect of cutting off a single bend of the Mississippi Its effects, when 
1 , , applied to a sin- 

can be determined with much certainty from the measurements made gle ben d of that 

upon the Red-river and Raccourei cut-offs, and this will first receive river, have been 
1 . accurately mea- 

att cation. . ^ _ sure i t 

It is well known that the Red-river and Raccourei eut-ofls are in 
close proximity to each other. The first was made in 1831, and short- Effect above the 
cued the' river IS miles; the second was made in L848 and 1849, and ^ measure " 
shortened the river 21 miles. The Hood of 1851 was as high as that of 
1828 a! point- LOG miles above and below the mouth of Red river, and the accessions 
received from Red river were the same in each Hood. It is concluded, therefore, that 
the river would have been as high at Routh's point in IS-jI as in lsiJS but for the cut-oil's. 
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The flood of LS51 was, however, 4.6 feet below Hint of L828. This, thru, is the effect of 

the two cut-offs in lowering the flood level just above their site. 

It is conceded that little confidence should be placed, in such a discussion as 

this, upon results computed by formulae. Still, when careful observu- 

By computation. ..',.,. , . , . . ' „. , , . T . . , . , . 

tion Jias nulicated that certain effects are produced, additional weight 

is given to such conclusions, if it can be shown that they accord with the general laws 

of flowing water as expressed by reliable formula*, The following analytical discussion 

of the subject, based upon observed (acts, is therefore added. 

Let it be proposed to compute how much the high-water level in 1851 was lowered 
at Routh's point by the two cuUiffs, assuming that they produced only a local effect 
upon the bed of the river. This problem will be solved in two ways, by discussing, 
first, the effect produced upon the river above, and second, the effect produced upon the 
river below, Routh's point. 

The preceding comparison of the high-water level of the different Hoods has indi- 
cated that no sensible effect was produced by the cut-offs at a distance of about 100 
mile* above Routh's point. The first object then is to compute h'\ that is, the fall of 
water surface in this distance, if the cut-offs had not existed. For mean dimensions in 
this part of the river we have the following : — 

a' = mean high-water area = 199,000 sq.ft. 

W= proportional between mean widths above and helow Red river = 3,450 feet, 

ji/= width increased by about half mean radius. = 3,4 SO fret, 

Q = discharge by Delta- Survey measurements = 1,1 50,001 leu, ft. 

Sin.' «' = value measured on La Tour re ftes map = 14, 

/'— distance considered = 628,000 feet 

Applying equations (30). (11), and 1. 15 l to these data, we find A,' = 15,95. and h' tl = 
3.49, giving h' = 19.44 feet. If. now, x denotes the lowering effect of the cut-offs upon 
the water surface at Routh's point, expressed in feet, tt is evident that the actual fall 
in the distance considered, at high water in 1831, denoted by A", will be equal to// + as; 

that the actual mean area («") will be equal to tf - ^ ai,d t!l!lt lh " ■* ta ** f**"»eier 

(//') will tie equal top' — x, all the other quantities remaining unchanged. Computing 
the value of x by the method of successive approximations, we find that when x = 4.1, 
the analytical conditions are very nearly satisfied; that is, we have It" « 20.00 and 
V == 3.77, and hence A" = h," + A„" = 23.S3 feet, which very nearly accords with the 
value given above, viz.: h" = //' + x~ 23,84 feet. The effect of the cut-offs is, then, by 
this computation, to lower the level of the water surface at Routh's point at high water 
in 1851, 4.4 feet. 

The problem will next be solved by computing the effect id' the cut-offs upon (lie 

river below Routh's point, assuming what the water marks establish, 

computation. that uo sensible effect was produced at Donaldsonville, and that, although 

there was an actual increase of mean area between the lower end of 

Raccourci cut-off and Donaldsonville. the change in direction of the currents produced 

such an increase of resistance as to be equivalent to a diminution of mean area. 

Since the mean dimensions of cross-section between 1 1 ed river and Donaldsonville, 
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already deduced, Correspond to the actual high water of 1801, we have the following 
numerical values for this ilood : — 

a" = 200,000 square feet, 
W" = 3,000 feet, 
j? = .-i,0:io foot, 
Q"=l,20( )><!(><> cubic feet, 
Sin.*a" = 15.30, 

P= 647,330 feet. 

Applying eq nations (30), (41), and (45) to these data, wc find h; =17.0 and hf = 4.1, 

giving A* = 21.1 foet. Tins quantity, as actually measured by the level parties of this 

Survey, was 22.8 feet, and, consequently, the final result of this computation must be 

increased in the ratio of 22.8 to 21.1. If. now, the cut-offs had not existed in 1851, we 

should have had — 

h> = It" + ..-, 

W" x 
«' = a" + ^-jj-i 

p' = if + x, 
Sin.-d'= 23.10 (from map), 

/' = 858,530 
Q' — Q" = 1,200.001), 
W'= W" = 30(10. 

Computing the value of s by successive approximations, we find it to be about 3.0 feet, 

since with this value we have ti = h* + x = 25.00 feet, and />' = A/ + hj = 19,06 -r 

5_g8 = 24.93 feet. Increasing h' and ty and /*„' in the ratio of 22.8 to 21.1, as already 

explained, we have for the final result of the computation, //' = 20,0 + 0.4 = 27.0 feet, 

and hence X = 27.0 - 22. S = 4.2 feet. 

The result of these two computations may lie stated as follows. By discussing 

analytically the lowering effect of the cut-offs upon the level of the top . . 

* i f p * | V* t> one in si on 

uf the Mood of L851 at Routna point, we (md that the elteet was equal relative to the 

to 4.4 feet, if we consider the river above this locality, and that it was effect ai)0ve tlie 
1.2 feet, if we consider the river below this locality. By comparing 
the high-water marks of different years, we have already decided (hat this ellect was 
about 4,6 feet. It is hardly possible that these coincidences are accidental, and it must 
therefore be conceded that they demonstrate the actual effects produced by cut-offs 
above their sites. 

It remains to determine this effect just below their site. At Baton Rouge the Hoods of" 
1828 and 1S51 were practically of the same height, and the latter Hood at Effect hglow j. 
this point was therefore unaffected by the cut-offs. The total measured cut, by measure- 
fall between liouth's point and Baton Rouge in 1S51 and 1828 was 10,24 ment - 
and 20.64 feet respectively, the slope per mile being 0.222 and 0.1 8S of a foot respec- 
tively. Assuming the slope uniform between these two places, the river at the foot of 
the liaceoiirei bend in 1828 was 12.33 feel above the river at Baton linage, and in 1 851 
14.7 feet above the same level. Hut it was ascertained by careful measurement that in 
the flood of 1851 (and also in that of 1858} the fall per mile through the llaccourci 
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cut-olT was 0.56 of a foot, which would reduce the elevation at the loot of the Raceourci 
bend in L851, as aomputed by the general slope, to I 1.3 feet. The difference between the 

two elevations (1828 and 1S51) was, then, 2.0 feet. It measures exactly the amount 

by which the water has been raised at the foot of the two cut-oil's by those WQXka. 

The same result is deduced by another process. tty measurement in March, 1851, 

5l ,, „„„„,.„ when the river was rising and within 5 feet of the tni) of the lit Mid at Ived- 
aeconcl measure- i 

ment with same river lauding, the 1'all from RoutJYa point to t lie loot (if the Kuocourei 

result. miU)n - wm fo|M1(1 t() , R , ] s feet Tb(i fa jj jit tUe top of ttie ||o())1 was 

not materially different Hence the river at the foot of the Raceourci cut-off at I he 
flood of 1851 was ii.4 feet below the high-water mark of 1828 at Eolith's point At 
the top of the flood of 1828, the river at the foot of the Raceourci cut-oil' was, by 
levels. 8,4 feet below the surface at Booth's point, giving the same number as before 
(2 feet) for the increase in height of the tlood heluw the site of these cut-offs. 

We may, then, decide Unit the high-water mark of I Sol at Konth's point was l.li 
F' I ouchi iona '' eL>t hjwer, and at the foot of liatvourci etit-off 2.0 feet higher, than it 
respecting the would have been if the cut-offs bad not been made. 

effect of cut-offs. rpj, fi e |ey ft y on f tbe river's surface tit the head of a bend, necessary to 

overcome the excess of resistance in a bend over that in a straight part of the river, will 
disappear when the cut-off is made and the surface at the head will be lowered by this 
quantity. Tins effect in the two bends under consideration is l.S feet by equation (46). 
In 1.828 the fall of a straight part of the river in 39 miles (the length of the two bends 
less the length of the two cuts) was 5,6 feet, or 0,14 of a foot per mile. One-half of this 
quantity, increased by LB feet for the bend-effect, gives 4.65 feet, precisely the amount 
found as the actual depression of the high water of 1 s "j 1 at Routh's point, the head of 
the Red-river cut-oil". By comparing the flood of 1858 with that of IS2S at Routh's 
point, the difference in the conditions of Red river in the two Hoods being taken into 
account, the same result is obtained; and it must, therefore, be concluded that the river 
at the head of a cut-nff will be depressed by tin- whole amount of the elevation at. the 
head of the bend due to the bend's resistance, and by one-half of the fall in a straight 
part of the river equal in length to the shortening of the river. :; Let us now determine 
how this conclusion accords with the facts observed at other cut-oil'" 



* The high-water murks nf I8J58 un d IS! I al the bead of tin? Ited-river ent-otf and tit points 100 mites uhnve ami 
lirl.iw li;i vi- been adduced as erideaee that toe effncl of a eut off mu in depress ih« surface of the river at tin- bead 
of the cut-off more thud the whole fall in tlie hend sn tut off, and to depress the surface of the river at poiuts below the 
cut-off, instead of elevating it. This conuluaioti is evidently contradicted by the fuels above cited. Tlie onto new 
foree which wiiulil diminish the slope boiQW tlie ctli-off would be tlie impulse derived from Ibe increased iv],, 
city of the rivet in fulling through the i-ul.. This would be exhausted ba horl distance, Ii is stated thai lw> 
miles above the Bcd-riYOj cutoff, the Hood of 1844 was eipial to thai of 1828; that it was below thai murk ul 

Niilehei!. 0.1! of U foot; ul the head of the cut-off, -.1 feel; at MflrJ ■■in;;;i, 1.7 feet ; jii Katun Hoitge, 0,S of a foot; and 

at Garrolkon, o.7 of a foot Now it is to be remarked (hat all the facta relating in the flood of 1844 an not 
knOWIr. Among the ilom* of information gathered bv this Guryev is h statement made at Waterloo, that there wax a 
erevuese in the vicinity of Mnrgnnza in LSU. Th!» would have depressed the flood at thai place. But the great 
ciinse of Mi. depression ,.t' the Hood in 1844 at points below the irunilh .>f lied river w*- ilie t'.i.t thai Itod river was 
low during the flood of Unit year, und that, consequently, between 1 1 and 100, 1 enbio font per second of Missis- 
sippi water was discharged throng* the Atenatkbyn. In 1826 and 1881, on the contrary, tbe Bed-river and Missis- 

sippi-rivei H hi were marly coincident in the great good of ISQO, tbe Mississippi ai points nui mtia above the 

U.'d-river eul-oll" was an high as in the flood »f 1828, White al Renin's point it was I foot I»-I..h the high Water of 
1844, and at tenet l.S feet above ii below tits Baecound em. nit, notwithstanding the nnmeroni and large erevaseea 
of that year between Hed river ami New Orleans. 
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It is stated that the Fausse ltiviore cut-off was made in 1722, when there -were no 
levees. It shortened the river 20 miles, and must have depressed it at Tested by cut- 
llood not less than 2,4 feet at Waterloo, the head of the cut-off. In 1851 off at Fausse 
a small levee, IS inches high, was thrown up there for the first time, the Riviere, 
high witter being above the hank, an evidence that, from some cause, the surface of the 
river in that vicinity had been raised. 

The American-bend cut-off, 90 miles below Napoleon, occurred on April 15, 1858. 
On the Dth of May, when examined in connection with this Survey, 
the following conditions existed. The cut-oil* shortened the river 7.0 bend raT-off"*" 
miles. Just above the cut-off the river was 2.3 feet below the highest 
point attained previous to that date. At Grand lake, just below the cut-off, the river was 
0.26-of a foot below the highest point previously attained. From a scrutiny of the gauge- 
records at Napoleon and Vieksburg, the cut-off being midway between them, it appears 
that if no crevasses had existed at that time between those places, and if no other disturb- 
in" causes existed between them, the viver at the cut-off ought to have been 0,2 of a foot 
below the highest point it had readied early in April of that year. The crevasses 
existing between Napoleon and Vieksburg at that time witc sufficiently large to depress 
the river's surface about 0.8 of a foot. The bend -effect (eq nation (45) ) was equal to 0.5 
of a foot. The fall of the river in that part of its course, irrespective of bend-effect, is 
0.2b of a foot per mile, and in 7 miles is 1.8 feet. The following result, then, is to be 
anticipated, if the laws above deduced are correct. The river at the American bend on 
Mav 1 1. without cut-off or crevasses, would have been 0.2 of a foot below the height it 
reached earlv in April. But 0.8 of a foot depression at American bend from crevasses; 
0.5 of a. foot depression at head of cut -off from bend-effect; and 0.0 of a foot, effect of 
shortening the river 7 miles, give at the head of the cut-off a total depression of 2.4 
feet, which corresponds nearly to that observed. At the foot of the cut-off, the river, 
if undisturbed by cut-off or crevasses, would also have been 0.2 of a foot below the 
height it reached early in April. The elevation from shortening the river 7 miles 
was (i.!) of a foot; the depression from crevasses was 0.8 of a foot. These two effects 
nearly balancing each other, the level of the river should have been on May 11 about 
the same as it was early in April. It was found to be 0.25 of a foot helow that 
stand; a suilieieu l ly close approximation, when the somewhat uncertain nature of the 

data is considered, 

The laws indicated by the Red-rives and Racoouroi cut-offs apply to the Po. Thus 
it wa« stated in ISot by M. Cattaneo, Engineer in charge of the Ilydran- ^ ^^ ^ 
lie Works in the district of Kovigo, that recti lications had been made iu the river Po 
recent years upon the Adige, for the purpose of protecting the banks 
from erosion; that such a rectification was made in 1864 at Boara, about 10 miles from 
Rovigo (plate XlX't. in which the cut was one-half the length of the bend; that the 
effect upon the surface of the river in Hoods, as noticed since that time, was to depress 
the surface at the head of the cut 0.S of a foot, and to elevate it at the foot 0.4 of a 

foot. 

The investigations of the Chevalier Elia Loinbardini, Director-General of Public 

Works in the province of Milan, have brought to light the following interesting par- 

4« 
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ticulurs. About midway between Pavia and Piaeenza, the course of the Po is straight 
for many miles. This straight part extends from Albora to Monttcelli. Above and 
below, the course is winding. Alt nig the east hank of the straight part, the marks of 
former bends are still visible. On the west hank, all traces of those shown on the old 
maps are obliterated by the deposits of gravel and other heavy material brought down 
in large quantities by the short streams from the Apennines. The longer streams from 
the Alps, on the east side, bring a comparatively small quantity of light material. All 
the bends in this part of the river were cut off in the fourteenth century. At Port 
Albera, the head of these numerous cut-offs, the levees are only a few feet highj at 
MonticelK, the foot of thecut-on% they are 16 feet high. The slope of l be Po between 
Pavia and Piaeenza is not less than l.-j feet per mile; its bed not being in alluvial soil 
in this part of its course. 

So far as observations are concerned, then, it must be admitted that the foregoing 
. , conclusions, based unon the observations on the Ked-river and Raceourci 

A. El) P d Y f* t V f* ll 

objection to the cut-offs, are general. If it be objected upon theoretical grounds that 

above conchi- jj ie elevation of the river surla.ee below the cut would give an increased 
sions, met. , , i t - . ,, . „. . ,, 

slope and an increased eross-sectam to the river there, ana thus cau.se 

an increased discharge, while In reality the discharge of the river remains constant, the 
reply is obvious. If the river were not leveed, the cut-off would really increase the 
discharge above, through and below the cut-off in floods; because, its surface being 
depressed above the cut, it would carry off through its channel what it i>efore shed over 
its banks, lint when the river is leveed, it sheds no water over its banks, and of course 
the discbarge cannot be increased by the cut-off in the manner before described. How, 
then, in this case, can the increased cross-section and increased slope below the cut-off 
be reconciled with the fact that the discharge is not increased? The cross-section and 
velocities measured at Routh's point give the clue to the explanation. The greatest 
velocities in that part of the river ors wdt mi the deepest water. No cut-off upon any 
river has been made so as to introduce the current from the cut to the retch below 
in the same direction that it hud before the cut was made. As a consequence, the 
•swiftest current does not run in the deepest part as it did before; the resistances which 
it encounters are therefore greater than before; and in order to carry oil' the same dis- 
charge the surface must rise, and thus increase, the slope and area of cross-section; 
unless, indeed, the power of the current, is Sufficient to excavate the bed at once. This, 
as will hereafter be seen, is not the case with the Mississippi, whose bed is not in 
alluvial soii but in an older geological formation of hard clay, winch yields so slowly to 
the current that it may be considered almost permanent The condition of the river 
for many miles below Is thus changed by the cut-off. That I be bed will gradually 
wear until the swiftest current flows in the deepest part of the channel, in those por- 
tions where the relations of the two were disturbed, is probable; hut the process will be 
SO gradual that the injurious effort of the cut-off in raising the surface of the river 
below may for all practical purposes be considered permanent. It should, however, 
be remarked that this elevation is comparatively local. In the two cases of the 
Red-river and Kaccourci cut-offs, it did not reach below Baton Rouge, but its 
precise extent could not be ascertained. It is apparent that the current must tend 
more and more to resume its old direction, the greater the distance from the cut. The 
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depression above the cut-off extends to a much greater distance, certainly not less than 
[mi miles. 

It has been shown by the preceding discussion that a cut-off raises the surface 
of the river at the loot of the cut nearly as much as it depresses it at 
the head. The country above the cut is therefore relieved from the The syBtem a3 a 
floods only at the expense of the country below. Moreover, if a series teotomfor the°" 
of cut-offs were to be made extending to the mouth of the river, the Mississippi val- 
prineiples educed show that the heights of the Hoods would be regularly ^JJ^ 1611 per " 
decreased from a point near midway of the series to the upper end, 
and regularly increased from the same point to the lower end. The system, therefore, 
is entirely inapplicable to the Mississippi river, in whole or in part. 

Diverting tributaries. — It has been proposed to protect the lower Mississippi valley 
from overllow by diverting the course of certain main tributaries, and 
(bus diminishing the discharge in Hoods. The general principle already Sf SlJ*^ 
enunciated, upon which this plan is based, is unquestionably correct; 
and we have only to determine whether the practical application of it would produce 
results commensurate with the requisite expenditure. 

Beginning in the northern part of the basin, the first proposed application is upon 
the Upper SEsaouri, which, it is suggested, might he turned into the Red 
river of the North. The cut would have to be made through the belt ^Missouri 
of prairie land lying between the "great bend" and Mouse river, a dis- 
tance of 40 miles in the narrowest place. The following facts, taken from the report of 
Governor I. I. Stevens contained in vol. I Pacific Railroad Reports, are sufficient to 
show that the project is so costly as to be utterly impracticable. 

Mouse river in this vicinity is 120 feet wide and 7 feet deep. It Hows in a narrow 
valley varying from half a mile to 2 miles in width and bounded by bluffs some 200 feet 
in height. Massive sandstone rocks are occasionally seen in these bluffs. Between this 
valley and the Missouri, there is a plateau, averaging some 600 feet in height. In gen- 
eral, the substratum is a clayey loam, but boulders and stones arc often mingled with 
the si iil. The general level nf the Missouri and Mouse-river valleys is about the same, 
but the information upon this subject is not sufficiently definite to decide which is the 
higher. 

Even if this project were feasible at a moderate cost, its practical utility for the 
purpose cui item plated would be more than doubtful; ibr Moods iu this part of the Mis- 
souri are to be little feared below the Ohio. It is the .sudden rises iu the lower tribu- 
taries which work the ruin below. Floods in these upper branches are nearly expended 
iu the vast reservoir of tlie channel, and have but little influence upon the oscillations 
at St. Lotus. Lastly, such a work would interfere with the navigation above the point 
of diversion, which extends for several hundred miles, and is every year becoming 
more Important to the country. 

The next tributary for which this plan presents any appearance of feasibility is the 
Arkansas. It has been proposed to turn the Hoods of this stream into 
the bayou Bartholomew O? bayou Macon, The practicability of this The Arkansas 
undertaking cannot be decided without a careful survey; but, as the 
plan must include the permanent protection of the banks of the bayous from over- 
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flow, its execution would necessarily bo costly. It is stated that tile bayou Macon rises 
within two or three mites of tlu- Arkansas river, am] that the intervening soil is tight, 
No exact information respecting the cross-section of'this bayou near its head, or re- 
specting that of the bayou Bartholomew, has been collected, but they are believed" to 
be' too small to give much encouragement to the project. Assuming, however, that it 
is feasible, the plan lias its advantages and disadvantages. 

The floods of the Arkansas are particularly disastrous to the lower Mississippi, 
The operations of the Survey establish the fact that a given quantity of water intro- 
duced into the channel at the head of the alluvial region produces a less rise in the lower 
river than the same quantity added by one of the lower tributaries. This effect is due 
partly to the reservoir influence of the channel above the tributary; partly to the dam- 
ming effect of conflicting currents near the mouth of the tributary; and, partly, as at 
the mouth of Red river, in the Hood of 1851, h> interference with the normal changes 
in local slope at points below the tributary. Tin- observed fact accords perfectly with 
tiie views of planters residing upon the Mississippi below Arkansas and Red rivers, who 
have frequently stated that they dread the rises of these streams far more than those 
.of the Ohio or of the Missouri. Keeping the Arkansas Booda out of the Mississippi 
must, therefore, have a peculiarly beneficial effect from Napoleon down to Red-river 
landing, where the water would, of course, again make its appearance through the Bed- 
river channel. Above Napoleon the effects would be but little felt. Below Red river 
they would be in some measure injurious, as just indicated. The plan most, therefore, 
be considered purely local — applicable, however, to the very part of the river when* 
the difficulties to be overcome in restraining the Hoods are the greatest, 

The objections to the scheme, supposing it to be teas i I tie at a moderate cost, arise 
chiefly from the difficulty of preventing injurious effects upon the navigability of 
the Arkansas river; but it may also be objected that it would only furnish protection 
against certain classes of floods; for it often happens that the Arkansas is low. when the 
Hood from above IS passing its mouth. This was (be ease in the great duly Hood of 
1858, which has been adopted as the basis of this discussion. As already seen, pro- 
vision for a discharge some 200,000 cubic fret per second greater than that which actu- 
ally passed at the height of this flood, was necessary to protect the country between 
Napoleon and Red-river landing from overflow; while the diversion of the entire waters 
of the Arkansas would only have relieved the river of 90,000. The works necessary 
to guard against this Hood of IS-'iS would, so far as it is possible to foresee, be sufficient 
to restrain any probable combination of fioods in the two rivers. The union of the 
greatest floods in both rivers is of course posw&^but so highly improbable as to amount 
to a practical impossibility. 

The next and only remaining tributary, to which this system might bo applied, 

„,, „ , . is Red river. It has been suL r L r ested. lirsl, jo turn the surplus waters of 

The Red river, , l 

this stream into the channels draining to bayou Teche; or, second, to 
compel the Atchafalaya to carry oft" its entire discharge by closing Old river, above 
Bed-river landing. 

To the first of these projects, the remarks just made tvsperlin^ the Arkansas river 
apply, excepting that the advantages to be derived are materially less, and the practical 
difficulties to be encountered even greater. The hater fact is evident from the following 
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considerations. The shorteat air-line distance between lied river and the Teche is fully 
40 miles. These streams were formerly connected by a chaia of bayous, 00 jniles in 
length, but their communication with Red river has been cut off for the security of the 
plantations upon their banks. The chief link, bayou Bueuf, is only some 60 or 100 
feet wide, and its croas-fleotioii dues not probably exceed 2500 square feet. From the 
description of the Teche itself,* it IB, doubtless, » partially deserted channel, with a 
cross-section capable of discharging about 10,000 cubic feet per second more than now 
posses through It. The bayou Courtubleau, also, which forms, for a lew miles, part of 
ilie chain connecting Red river and the Teche, and discharges into the Atchafalaya, 
might carry oil' the same additional volume. Bat it will be perceived that, even if it 
were important to draw oil' so small a quantity as 20,000 cubic feet per second, the 
works to etfect it must be enormously costly. 

The second project — to close Old river — would, if executed, entail disastrous conse- 
quences. Undoubtedly the Red river at times pours its flood into the Mississippi when 
that stream is so high as, in the defective condition of the levees, to render the effects 
dangerous to the lower country. This occurred in 1828 and 1851, but usually the 
Hoods of Bed river do not raise the surface of the Mississippi to A dangerous height. 
Generally the Atchafalaya serves, directly or indirectly,'!' as an clftcieut outlet for the 
floods of the Mississippi. Such an outlet should not he sacrificed merely to guard 
against the contingency of a coincidence of floods, the worst effects of which, so far as 
indicated by the past (see discussion of the flood of 1828), will be provided against in 
the plans for protection based upon the standard Hood of 1853. 

lint, this is not the only evil that would follow the execution of the plan. The dis- 
charge of Red river at its mouth, in Hoods caused by its own drainage, is 225,000 
riihic livl per second. The discharge of the Atchafalaya at fid I hanks is only 130,000 
cubic feet per second. If, therefore, the entrance of Red river to the Mississippi should 
be closed the Red-river valley, the settlements along the bayou de Glaize and the Atcha- 
falaya basin would all be deeply inundated at the recurrence of every Red-river Hood. 

'/.>,,, , r ,,/,x This plan is to hold back, in the Hood season, by systems of artificial 

[akea Upon the tributaries of the Mississippi, such a volume of water as 
may he requisite to reduce within hanks the Hoods of that river. The reservoirs'* 

volume thus held back is to be retained for improving low-water navi- 
gation. The discharge of each tributary is thus to be more nearly equalized through- 
out the year, and a doable advantage secured. 

The plan, in theory, is admirable, and has long been a subject of discussion among 
European engineers. Artificial lakes for protection against Hoods were i tB antiquity. 
constructed an early as 1711 upon the upper Loire, and they have 
since been advocated, hoth for improving navigation and for restraining floods, by 



* i'\.r mart tt« lin " ,rt ""k* u,, ovc iiA month, Hie nren of its cross-section exceeds KM square feet, ami its slope is 

ut least 0J 6 td a toot pei mi^- 

\ Wlu'ii tlil action is Indirect, it m obscured by the existence uf dew! water in uM riwr. Talis a1 tfiQ top of ttiu 
ii mil in 1858 ill-' biuron aJlltougb npnasentlj uiopertttiys as an outlet, carried off w.oiiii cuoio feet per second of 
M| __';_ , „.,,,.,. „■„; .,, drained to n through the Tensas bottom. (Sue |>.w.s ;w;> 7,i B tits levees of IteTeasos 
-ii unu bad remained unbroken in ilmi flood, the Uayon would neve drawn off lie fume amount through Old river, 
and it* beneficial action *ooM Uhh Have been unmistakable. 
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eminent writers, among whom tinny be cited M. Pnloneean, M. Ltunhardini, BL Bou- 
I;u list's and M. Vallee.* 

This equalizing tendency of lakes was pointed out in the first report upon the 

improvement of the navigation of the Ohio vlvcr [Report of the Board 

American aclvo- r t? * j.i m • i \r 1 en 1 

cates ot H»ngmeera on the Onto and Mississippi rivers, by S. Bernard, 

Brigadier-Ceneral, and Joseph Gr. Totten, .Major Engineers, and Brevet 

Lieutenant-Colonel — New York. December --. 1 S22] not us a means to be resorted to 

for that object, hut as exhibiting the condition of other rivers, the Rhine for instance, in 

contrast with that of the Ohio. - ) - 

Among American engineers who have advocated the application of a system of 



* lit July, 1847, M. Boulangfi, Engineer hi Chief of Kridire* and Roads, in a brief notice of the inundations of the 
Loire in IS-tG, described the works <m that river just referred to, and Indicated when others of a simitar character 

should In' placed Iii prevent lUc inundations altogether, or restrain them within harmless bounds. (See Annales des 
Fouls el Chavsaeas, )849.) 

Previous In this, M. Folcnccan had proposed a somewhat similar system fur tlie rivers of France, with the same 
object 

In 18t2, M. V alloc, Inspector of Bridges mid Uomk Chief Engineer of the Canal that unites the Rhone and the 
Rhine, proposed to convert the take of Oeneva into an arttfieial reservoir, by Constructing certain works at the efflux 
or the bike, with a view tu keefi buck the Hoods of the Rhone and to improve I lie navigation of that river in low water, 
by supplying it in greater abundance than th* natural How from ihe lake at those periods, 

For these objects he contemplated holding iu reserve about 30.000.000,000 Cubic feet of water, to be supplied lo the 
river at Lyons (Wo miles distant) during the periods of low Water (the tio'an duration of which is stated In I"- forty- 
three days annually l. in ijuanlities varying from li lo 40 millions cubic feet per hour, which, in addition to (lie natural 
linw there, would give a depth suitable to the navigation. By holding back 35,000 coble feet per second from the 
discharge, M. Vallce e\peeied to reduce the height of the Hood itenrly ,'i feet at Lyons, and 2.5 feet, ul Avignon. 

The obstacle lo the execution of this project hus been of a political rather than u physical character. Frunee 
possesses no portion of the shores of lake Leniiin (Geneva), which lie within the territories of two Swiss cantons and 
Sardinia. 

Among those who were of opinion that the advantages anticipated during the low water of the Rhone would he 
obtained by the execution el' snch a project, was M. Kliiv Lombardiai, Director-General of Public Works in the 

province of Milan, one of the ablest anil most learned hydraulic, eiigu ra living, if, indeed, he may not noire properly 

be classed as the lirst hydraulic engineer of the age, 

in a paper upon the nature of lakes, and of the works required to regelate their efflux, read before the Imperial 
Hoyal institute of I.ouihardy. in August, 1-lla. and published at Milan in 1846, U, l.oiubardini dwells upon the bene- 
ficial inlltiero'e of the lakes of Italy in regulating the flow of the wafers of the l'o. in restraining its floods by diminish- 
ing the volumes or as great tributaries to oite-hulf and one-third of wlml they would be hut. for the interposition of 
these lakes (which at such times discharge SO much less vvuler than Ihey receive i, and in preventing excessive low 

water iu that river by increasing (he flow at that time, thus tending lo equalise the vuhn T water at all seasons. 

This moderating influence of the hikes had been previously pointed out by M. bornbarihni, in detail, iu a paper 
published in Is 1,1. 

At his suggestion, artificial works have been successfully reseried (■> at the miilci of one of these Kalian lakes, to 
prevent, iu conjunction with other works, inundations on the river issuing from it, in the country below. 

f Tin* Report states: "A geographical uireuinetauee of great importance as regards the supply of rivers is the 
situation of large lakes ;it or neat llear BOurces, These, by retaining Ihe waters, are so many reservoirs, regulating 

the expense of water iu seasons of H Is, ami supplying an ei|iiivuleul to tins expense long after the causes of Hoods 

have ceased." As an instance in point it cite- the Rhine, which rises in tlie Alp-, where the melting of the snows is 
successive, and prolonged even to July. " In its upper pari '' traverses lakes, which economise the water ami serve 
as reservoirs for sensons of scarcity," From the varied aspects of the different parts of the ha.iiu. winds from differ- 
ent directions blow at the same time in diflerenl parts of ihe same general valley; consequently the rains are uoL 

Simultaneous over thai valley, ami the tributaries I. ring I heir t) Is in succession. The ll In in the Khinc are not, 

therefore, great. On Ihe contrary, the winds blow at the Hume lime from the same direction in the whole basin id the 
Ohio, and the raius are hiiiuIIuii'-oim throughout the whole genera! valley. The mountains in the southern half or the 
bftttn are low, and the snows are melied rapidly and nearly nimnltuneoiisly bv the w;irm southerly winds and rains. 

The tributaries contribute their :i U nearly at tie' »am.' bote, and lie- Roods of th-- Ohio are therefore of great 

height. 
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artificial lakes to our western rivers are Mr. Charles Kllet and Mr. EI wood Morris. 
The former, in a paper published by the Smithsonian Institution in 181!), and the 
latter, in a series of articles which appeared in the Journal of the Franklin Institute sub- 
sequent to that date, have urged its adoption fur the improvement of the navigation of 
the Ohio. Mr. Ellet has also, since the publication of his first paper, repeatedly recom- 
mended the system for restraining the Hoods of the Mississippi, oven in the delta. 

It will be noticed that two distinct advantages are claimed for this system. One is 

the improvement of navigation in low water: the other, protection -_ . ., , 

i mi !• ■ r xi /• .i - Its double caa- 
against tluods. lhe former is ioreign to the purpose ol tins report, and racter. Its ftp- 
it is not intended to discuss it, especially as the requisite data have pUcability to 

i f i „• ■ ■ ■ n f •. • m restraining 

never been collected for the Mississippi or for any ot its main tnbu- fl oods oa iy t0 

taries. It seems possible by establishing a system of dams in the ^ considered 
mountains upon many tributaries, accumulating the rain which falls 
during many months in the year, and pouring it into the channel of the river in its 
lowest stage, to effect a marked improvement in the. low-water navigation even of 
the Mississippi itself. To what extent this system is practicable, and what would 
be its probable cost, can only be decided by careful and extended investigation and 
survey. As already stated, it is a subject with which this report has no connec- 
tion. The second advantage claimed for the plan, however, is very different. It is 
proposed bv it "to protect the whole delta and the borders of every stream in it, 
primary or tributary, from Overflow."* This branch of the subject, therefore, will be 
carefully examined. 

Little consideration is necessary to make it apparent that this system is not appli- 
cable to restraining the floods of all rivers. Certain topographical 
conditions are essential to its success. The valley must be of such a dteratioataw 
character that dams of reasonable dimensions can be constructed, sufficient to 
n bioh shall keep hack ih identical wakv u&M oihmrim would make up £jj£SS f 
the flood. It is not sufficient for this purpose, us for improving navigo- restraining the 
tiou. that a large volume of water may he collected by the accumula. JgJ?,^ 
tiuus of mouths. The Hoods of great rivers are torrents, caused by 
rapidlv melting snows and by widely extended and heavy rains. The greater part of 
this water doea not drain from the remote mountain sides, and issue from the distant 
mountain gorges. It falls in the valley itself; and the nearer to the main river, the 
more sudden ;md disastrous will be its effects; partly from (ho more rapid accumula- 
tion in the main stream of the contributions of the tributaries, and partly from the 
absence of the natural reservoir furnished hy the various channels, which must be filled 
before a freshet originating near the sources can reach the lower part of a river. To 
Control such goods with certainty and economy hy artificial reservoirs, it is, therefore, 
essential that certain important ti'ilmhn'ies which drain relatively large portions of the 
basin shall debouch near their mouths from narrower gorges, where dams can be con- 
structed at ee&sonable cost, and where artificial lakes can be formed without injury 
to other interests. 

But these essential conditions are the very reverse of l hose existing upon the lower 
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Mississippi, It is emphatically a river which drains a plain, The area of fche narrow 
border of mountains around it is insignificant, when compared with the great extent of its 
basin. Moreover, the downfall of rain upon these mountains is but little more than 
half of that which falls upon the same area near the great, artery itself; for, as already 
seen, it derives by Jar the greater part of its annual and of its Hood discharge from the 
central and nearly Hat portion of its valley. If we add to these peculiarities the fact that 
its main tributaries are all navigable rivers, which are too valuable, as routes of communi- 
cation,, to be interfered with by dams, even if the system were otherwise practicable, 
it is evident that reservoirs can be located only in the narrow belt of mountains 
upon the borders of the basin, where, as already seen, they can have but little effect 

upon the floods. 
This can also be In order t*i jiive a more definite character to these conclusions, they 

comDutaUon/ w *" ' u> m '"-eed to figures by aid of the data collected respecting the 
based upon the great June Hood of IS-jS, by which the merits of all these di lie-rent plans 

?n 1858 UeOWd rf l ,rotection ari> t,J bL ' tL '* tetL 

To have protected "the whole delta and the borders of every stream 

wate^wWeh * n **> l jri,n:lr y or tributary," against tins Hood, not more than 1,050,000 
reservoirs must cubic feet per second could have been allowed to enter the head of the 
to be sn^esTfui aJlttviaJ «#>»* ViWU t,tis qa&ntity would have submerged much of 
in the June flood the lower country, had not the tributaries below the Ohio been so very 
of 1858. low that their United contributions, joined to this amount, would only 

have been sufficient to maintain the river at fill! bunks. The conditions of this Hood 
were then the most favorable possible for the reservoir system. 

During the thirty-six days in 1858 from May 20 to June 2D, inclusive, the total 
amount of water passing the latitude of Columbus exceeded by 648,172,800,000 cubic 
feet that which would have resulted from a discharge per second of 1,050,000 cubic feet. 
Reservoirs situated above the mouth of the Ohio, and sufficient to have kept back in a 
single numth fully 000,000,000,000 cubic feet of water, would, therefore, have been 
essential to the security of the delta, if this system had been depended upon for 
restraining this Hood. 

Where these reservoirs must be placed is the first question which presents itself. 

The character of the basins of the Upper Mississippi and lower .Missouri 

Where the re- is such that the system is impracticable in them. (Sec Chapter I.) It 
servoirs must ,, ,, ... . . . ,i ,. ■ . , i , ,,,, 

be placed. "v , ' iel b m the Ohio basin that their locus must, he sought. The 

northern slope of this basin presents few or no advantageous sites. The 

southern slope, on the contrary, is mountainous near the head-waters of the tributaries, 

and it is there, if anywhere, that reservoirs can be constructed. 

Downfall of rain The downfall of rain in this region is next to be considered. The 

in this region at extended system of meteorological observations conducted under the 

this epoc . auspices of the Smithsonian Institution has rendered it possible to 

* If it he objected that, in Dm Oocombcr pis* of Is.')?, nearly 1,20u,<kx) uutiiu feet am- uncnml eniuivii tin; lirml nf 
tlie tilluviitl region, and |mwd down without raising the river above tlte li'vul Of the luniks, the r«]ily in ohviinin. Tie 
river at tin* (■ommi'u.i-iiiint ni' thi* dst was low, ami tin- waUr o&d during the l»nof tW in BlUbg the 

<iiiui|mralivoly i'in|ily channel,— a condition which, producing a great local dap*, olw iiniLiTiiilly depresses the 
water siirfui'i'. (Si-u |nig>' ::-l!i i In the iluod suasui) of thy year, tbc rmr is always ho nearly ni tin? level of its Ihli.K.. 
that iiu snob enornioni reservoir exist*. 
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trace, with great precision, the rains which occasioned this Hood. They occurred in the 
mouth of May, and were heaviest north of the Ohio river. Thus the downfall in that 
mouth wiricd, through the States of Ohio, Indiana, and Illinois, from 7 to 12 inches, the 
mean from observations at nineteen well distributed stations being 9 inches. None of 
these stations were upon the immediate banks of the Ohio, where local influences could 
be suspected; and this is doubtless a correct estimate of the mean precipitation over the 
whole of this area, as well as over much of the basins of the Upper Mississippi and of 
the lower tributaries of the Missouri, to which these rains also extended. But since 
none of this vast region is adapted to the reservoir system, a knowledge of the down- 
fall in th'' moUfitcdnous part of the ndk-.y/s of the southern tributaries of the Ohio is de- 
manded by the present investigation. The following table exhibits all the data 
available for this purpose, grouped in such a manner (plate 1) as to represent truly 
the mean downfall throughout the entire region in question. 
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For May. tlien. the average downfall in this mountain region was Amount which 
4.5 inches. ' Adopting Mr. Kl let's estimate, which is certainly ample, 6 5 JJjJJ t J" e beea 
per eent. of this might have been collected ; that is, 0.24 of a foot. 

Having thus determined the total quantity of water to be collected, and the mean 
depth of the available downfall, we can determine what area in the Drain aMft 
mountains it would have been necessary to drain into reservoirs, in required was far 

. 000,000,000,011(1 _ onnAn greater than the 
order to protect Ihe delta from overflow. It is FTs* x (&280y — »U*UUU topography of 

Square miles, an area witch lari/cr than the whole mountain region drained wou i(} a u, ow , 
ty th, Ohio* 

* It may be objected to these conclusions, that the observations upon the fall of rain did not extend sufficiently into 
wid ana the mountain reginn, and hence that the effect or the Alleghany range in increasing the amount of rain is 
uot taken into account. Qbacrwrtion has not yet deUswnmod the. effect of this mountain system upon the Tall of rain, 
bqt im- ili«- general luw of increase produced by mountains boon ascertained with sufficient precision to admit of its 

! H-ij,.,] anp}io»t(0H to '■ ,l ' A-ll.'-hnuy range. Nevertheless, an approximation to the effect may be made. The 

(|l ttoina iiimjii the west coast of England increase ihe downfall of 40 inches at their foot-slopes to 57 inches at 

about their mean elevation, thu? adding between ouc-lhm! and one-half. If it be assumed, then, that tho effect of the 

49 
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The impracticability of the scheme requires no further demonstration, since thin 
flood was of the character which thy reservoir system is Itest adapted to controlling; 
that is, it was a flood of the upper tributaries of the Mississippi, nil those below the 
Ohio being at a low stage. 

It would be a work of supererogation to discuss questions of cost, now that the phya- 

, ,, iml impombUittf of protecting the alluvial region iYoin overflow by this 

Ita probable cost, { ' * . ^ 

supposing the system lias been made so evident; but to give smiie idea ol the enormous 

basin highly expense which would attend its application, even it the topography of the 

Mississippi basin were favorable to the scheme, reference will be made 

to the data collected by Mr. EUet in 1S58, in a survey for a site of an artificial 

lake upon a branch of the Kanawha river. The character of the work is sufficiently 

explained in the note below.* Mr. Ellet's estimate of cost is as follows: — 

Total estimated damages $164,2(11) 

Estimated «o«i of itara KJfi.OW; 

Estimated coat of preparing nhsnnel of Kanawha ritw fur Increased discharge lU-'i.iMMt 

Toml $W*,700 

'I 1 his site is doubtless one of the most favorable which coidd be selected in that region 
for constructing an artificial lake; but if. for the sake of argument, we admit it to be a 
lair standard, we see that, according to Mr. EHet'i estimate, an outlay of about half a 
million of dollars must be made in order (o collect the drainage of 210 square miles. 
To have protected the alluvial region against the June Hood of 1858, by this system, 
would then have required an estimated expenditure of about $215,000,000 j and to 
have guaranteed H the whole delta, and the borders of every stream in it, primary or 
tributary," against inundation by floods from im$ of the great tributaries, the amount 
required would have been much greater. 

To guard against misconception, it may be well to repeat that the advantages of a 

reservoir system upon certain western rivers, lor certain objects, are not 
remarks"^ questioned. By it, the low -water navigation of important streams 

flowing into the < fliio — perhaps of that river itself, ami possibly even of 
the Mississippi — may be improved. The data for deciding whether the advantages 

Alleghany range is to Increase tits, ruin uoiir the foot of its slopes to a BtMD roin one-half ureatcr over tin 1 whole area 
of its declivities, tin assumption highly fuvoralde to the nsofvnir project, the above estimate of downfall would only 
tie increased one-sixth, since these immniuin declivities do not occupy, nwe tlwn * third imrt of that portion ol' ihv 
basin of the Ohio south of the river. Upon thif (opposition, the area of drsinuge required IW the reservoirs would 
be 75,700 square miles instcail of !)il.t)iK> square utiles and Die above remarks us* to the entire impracticability of 
Hie scheme would still apply with equal lorn 1 . 

* The following extracts are taken I'mm Mr. Filet's report J — 

"t propose to convert this entire area into an artificial luk«* by forming a mound of earth or a stone dam across 
its outlet. This dam will be 68 feet high from the low-water Mtrfueo of th>' nvvi lo the bottom oT the waste lor the 
discharge of the surplus wuler. 

"The length of the mound will be Mil feet nl, liuttotn. where the bulks of Ute river draw near together, »nd 875 
feet at the surface of the lake, uK feel altovp tin- tint 

"The length of the lake thus formed will bt 21*4 miles, II will cover an area of Ki.Huo acres, or 111.9 square 
miles, *♦»••»»« • » • « • 

"This great basin will hold nu loss than i:i,:'is7,si;>,nnu eaWc feet of water. Il will ret rive the drainage from 
200. 2 square miles of territory, I tie whole of which, Sxelialvs of the meadows whirl) will forai the hollorn of ihe hike, 
is compnsed of steep, and, lo a considerable, extent, very elected mountain", frirm the slopes of which the minis and 
melted snows will descend rapidly into the reservoir." 
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accruing from such works would be commens urato with the expense of constructing 
them nave not yet boon collected. But the idea that the Mississippi delta may be econo- 
mical/// secured against inundation by such dams has been conclusively proved by the 
operations of this Survey to be in the highest degree chimerical. 

Outlet*. — Tins plan consists in reducing the llood discharge by waste- weirs, and 

conveying the surplus water to iht- gulf by channels other than that of „ 

., . " . ,, ., .. , * . ,• i I . i ,1 Plan of outlets. 

the main river, b rom its nature, it is only applicable below the 

Arkansas river. 

The advantages of tins system have been stoutly contested by many writers, on the 

ground that reducing the discharge of the Mississippi will occasion 

■ • ■ i i i ii ,11 i Arguments 

deposits in its channel, and eventually elevate rather than depress adduced 

the surface level of the river. In support of this opinion, they have against this 

urged, first, that actual measurements upon the river at certain crevasses 

prove that deposits are made when the vclucity is thus checked; and, second, that 

theoretical reasoning indicates that such deposits ought to be anticipated. 

Certain operations of this Survey were conducted with especial reference to deter- 
mining the effects of outlets, and they demonstrate, with a degree of certainty rarely 
to lu» attained in such investigations, that the opinions advanced by these writers arc 
totally erroneous. Their various arguments will be answered in detail. 

(factual measurements establish that crevasses — which, so far as Direct measure- 
they affect the river, are outlets under another name — do produce dc- Xrw^ha^de- 
poaits in the channel below them, the injurious effects of the system are posits occur in 
proved. That measurements do establish this fact has been repeatedly th ° F 1 ™ 1 cliaa " 
asserted, atul appears to be generally believed. crevasses. 

The direct evidence adduced in support of these assertions, so far as 
can be ascertained, consists solely of certain soundings made above and What 3Uch 
below two crevasses — the Fortier crevasse of 1849 and the Bonnet- measurements 
Cam' erevasso of 185(1— o/fer they had mixed to jlow. Because, in each JJJjJ* ^JJ£*J 
of these cases, the eross-seetimi of the river proved to be smaller below that deposits 
t ban a bo v e t he c re vasse, it was assumed that t he d i ffe ren ce w as due to de- j*J ° c ™™ A J n 
posit caused by the diminution ot velocity which the crevasse occasioned, the crevasse. 
If these lines had been sounded before the crevasses occurred, mid the 
cross-sect ions hud been found to be equal; and if the operation had been repeated after 
the crevasses had ceased to t!ow, and the cross-sections had been found to differ as 
stated; then it would have been a legitimate inference that the change had been pro- 
duced by the crevasses. As it is, no such inference can be drawn. It will be seen by 
a glance at Appendix C, that such diflerences in cross-section are usually found when 
several sections are made at short distances apart. Unless the soundings have been 
made previous To the occurrence of a crevasse, the only possible mode of demonstrating 
that it has occasioned a deposit in the bed of the river below it, is to prove both that a 
bar does exist below the crevasse when it is closed, and that this bar is washed out 
by succeeding floods. This has not been done in either of the above cases, as will 
lie shown tor each in turn. 

The Fortier crevasse occurred ill April. 18-19, on the right bank of the Mississippi, 



388 REl'OHT ON THE MISSISSIPPI RIVKR. 

They do not about 13. o miles above New Orleans. 1m August, 1850, the engineers 

show this for , t . u . ,, „ „ ... ,. T , 

the Fortier and surveyors accompanying the Senate Committee oi Louisiana made 

crevasse. twelve soundings OH a line 400 feet below Hie site of tbe crevasse, and 

fifteen soundings on a line half a mile above tbe site, with a view to deter- 
mine the area of cross-section on each of these lines. The degree of exactness which is 
claimed Cor these measurements is shown by the following extract from their report: 
"These [soundings] were taken with lead and line from t lie deck of the steamer, in 
crossing between the points indicated on shore. The distances apart of the soundings 
are as nearly equal as the depth would admit. To enable us to treat these soundings 
as equidistant, the committee have added ten per centum to the arithmetical mean 
depth as derived from the soundings. This mean depth was then added to the height 
of the adjacent adopted water mark, above the present surface, and the whole depth 
thus obtained multiplied into tbe high-water width, for tbe high-water sectional area. 
The result is presented only as an approximation, tbe best we could expeditiously 
obtain." 

The "approximate" areas of high-water cross-section thus determined are 188,000 
square feet below the crevasse, and l! Li*. 500 square feet above it — difference 45,500 square 
[(•at. In October, 1851, Professor Forshey, then an assistant on this Survey, re-sounded 
the lower of these lines with greater exactness, and found tbe high-water area of cross- 
section to be 174,700 square feet, thus showing this area to be 8800 square feet Jess than 
the approximate area determined by the Senate Committee, This difference only serves 
to confirm the want of exactness in the first measurement, so freely admitted by the 
engineers. 

So far. then, as any conclusions can be derived from these facts, they are that the 
bar was not wished out by the sueoeedifig floods of 1$50 «W 18ot, md hence thai it 
•probably existed before Iff hn<tkiinj <>/ lh< i-wt^v. Tbe details of lYofessor Forshey 's 
measurement having never before been published, the survey of this crevasse has been 
frequently adduced as proving that crevasses do occasion deposits in tins bed of the 
river below them, whereas it evidently indicates directly the reverse. 

The great Bonnet-Carre crevasse of 1800 occurred in December, 1st!), on tbe left 
Thev do not bank of tbe Mississippi, tilxmt 5 miles below I Ion net-Cam' church, 

show this for the Subsequent to the date when it ceased to llow, soundings, the results 
Bonnet-Carre r yfafcfa ure myen hi I be following table, were made ai>ove and below 

Cl'CVclSSCOUt 

directly the its site by several engineers. Those of Professor Forshey in 1850 WOTe 

reverse. made before bis connection with the Delta Survey. At the time of his 

measurements the water stood 10 feet below high water of 1849. The exact area between 
that stage and high-water mark was only approximately determined, hut subsequent 
measurements in the vicinity by parties of this Survey have shown that 50,600 
and 31,800 square feet, respectively, should be added to bis upper and lower sec- 
tions, as sounded, to reduce them to high water of IS 10. These numbers do not differ 
materially from those of bis estimate, in which the increased width at high water was 
disregarded. Mr. Filet's sections were made in February, 1851, His published high- 
water areas refer to "between banks." In order to compare them with the others, they 
have been brought to "between levees," by adding 1266 and 1 .007 square feet, respec- 
tively, to his upper and lower sections — numbers found by comparing his high-water 
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widths ''between banks" with those measured by this Survey "between levees." Mr. 
Smith's and Mr. Pattison's sections (see Appendix C) are reduced to high water of 1849, 
by applying the correction given in the table in Chapter II. 



At ffic Bonnet* Garr 6 crevasse of 1850. 



Atttli'irity, 


IllltU, 


Above irn'Vniea, 


1Hi>w cn?vaatfo. 


me. 
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Numbprof 
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■21) 
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•2\r, t 3(H) 

'JIHI.fPIMI 
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2(1 

17* 

»?, 

i:i> 


Square feet. 
147,500 
[54,000 
167,000 
151,200 






308.AOO 


15ij,0lK> 





Tliese sections were made on nearly the same lines — just above and just below the 
site of the crevasse — but being made by different parties without the use of common 
station marks, their exact location must vary somewhat, and absolute accordance in 
resulting area is, therefore, not to be anticipated. This being understood, the evidence 
they furnish, that no sensible change has taken place in the channel of the river at 
those two localities since the date of the crevasse, is too strong to be resisted. The suc- 
ceeding floods have not washed out this so-called bar. Hence the persistent assumption, 
that it was caused by the crevasse, is unfounded. 

But this is not all. The so-called bar undoubtedly existed before that crevasse 
occurred. Indeed, by one acquainted with the locality, its existence MorMTM , the 
might have been predicted before the soundings were made. The ere- „ man C ros's-sec- 
vasse occulted just below a band. The upper section is near enough £°" ™°» *** 
fur its area to be increased in accordance With the usual ellcct oi bends; quired by a gen- 
wliile the [owe* Section, being about 7<Mttl feet farther down the river, is eral law of the 
in a straight portion, ami consequently, ought to lie smaller. To illus- 
trate this fact, reference is made to the pap of Carrollton bend on figure 2, plate lit 
The two Bonnet-Canv «■<■ timelines are shown by the transit work of this Survey 
to be situated, with respect to the Lend, almost precisely as sections 6G and 90 On 
this map. The aiva of section GG is 214,00.0 square feet; that of section 90 is 18o,oG0 
square feet. The difference is 28,500 square feat, which is less than that existing 
between the two Bonnet-Carre, sections, but still large enough to lead to the inference 
that those two sections were not equal in area. 

It is therefore evident that, so far from indicating a deposit in the 

channel the measurements made upon the Fortier and Bonnet Carre It is therefore an 
lj,uu ' , ii 1 ,i i i- error to suppose 

crevasses— the only measurements adduced— prove that no change ot t h at measure- 
tins kind occurred. The claim that actual mcasiaxmtniH confirm the ments prove out- 
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lets to be disad- opinion that outlets must occasion deposits in the channel thus falls to 

vantageous to t | [(1 ,, roum ] i an ,i the theoretical reasoning alone remains to be con- 
tne river. ( ° 

side red. 

The arguments in favor of the hypothesis can hardly he better stated than in the 

__ ^ , folio win- extract from the writings of Major J, (I. Barnard, Corns of 

Theoretical rea- 

aoning upon Engineers, United States Army, one of the ablest of the engineers who 

which this opin- \ mv( , treated of the .Mississippi river r* ''It is pretty well established, 
ion is based. ,. . , . , . ,. . ... -, ., 

that certain relations exist between the configuration of the bed <>l a 

stream and the velocity of its current. This relation is the most clearly discernible, and 
capable of being subjected to calculation, in rivers (like the lower Mississippi) whose 
beds have been formed of materials brought down by their own currents; in other 
words, which have mnde and shaped their mm beds, 

**I find this principle laid down in the work of Fmi 'On Elvers and Torrents,' 
which was placed in my hands by W. S. Campbell. He quotes ami confirms the rides 
established by another engineer, flu-lielmini, which are, that 'the greater the quantity 
of water a river carries, the less trill be He ////,' and 'the greater the force of the s( renin, 
the less will be the slope of its bed.' And, again, 'the slope of the bottom in rivers will 
diminish in the same proportion in which the body of water is increased,' and riee 
tiered. These rules have their explanation in the facts, that the beds of rivers, of the 
character above mentioned, are capable of resisting, unchanged, only a certain velocity 
of current; and, on the other hand, that the sedimentary matter, contained in the 
river- water, requires a certain degree of velocity to keep it in suspension. From the 
counteracting tendencies of the above two causes, a mean becomes established, at which 
the current ceases to deposit its sediment, and the bottom ceases to be abraded; in 
other words, the bottom becomes permanent. But if, from any cause, such as throwing 
off a portion of the water through a waste-weir, the velocity of the current is dimin- 
ished, it is no longer able to maintain its sediment in suspension, but will continue to 
deposit in its bed, until, through the elevation of the bed. its velocity again becomes, 
what it was before it was disturbed, sufficient to maintain its sediment in permanent 
suspension." 

It will be noticed that two i in porta nt assumptions are necessary to support this 
reasoning: First, that the hattum of /tie Mississippi is onrnpoeed of Us <><m 

Two assump- ... ... . ... - i t i , 1 i ,i 

tions upon which alluvion, wnton can be readily acted upon by tnecurrenz; ana, second, that 

this reasoning is jfg water is always charged voMh sediment to the maximum capacity allowed 

l»j it* n-hxiti/. The first of these assumptions seems to have been 
universally adopted, at least ibr the lower river. The second, while it has been adopted 
by some without due consideration, has been clearly perceived by others to be essential 
to the argument. 

Thus Major Harnard proceeds to state: ''Paradoxical as it may appear, then, it is a 
certain result of the foregoing principles, that, the more water we throw off by waste- 
wet rs, nj'ter we have pnsstd that limit at te filch th> velocity W just sitfielriif to keep the bed 

dear, the higher will the surface ultimately become. What that, limit is, I do not pre- 
tend to decide. If we assume that the present velocity is necessary for that purpose, 



* Da How's S«fitw uf Uh Boothtrn kjiJ BovlbwflBtata Stales. August. Is60. 
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and that any diminution will cause a deposit in the bottom, then we cannot throw off 
a single cubic foot of the water now necessary to maintain this velocity, without caus- 
ing an ultimate rise both in the bed and surface." Upon tliix asBwtnption, he computes 
by Dubuat's formula the ultimate rise in the bed at Carroll ton wliich would follow 
certain reductions of the high-water discharge.* 

An extended series of measurements has been conducted with especial reference to 
testing the correctness of the two important assumptions upon which is based the con- 
clusion that outlets will raise the mean level of the bed of the Mississippi. They have 
demonstrated both to be erroneous. 

The character of the channel of the river has already received a full discussion in 
Chapter II. Here.it is sufficient to recall to mind that, throughout the Q , v 
whole distance from Cairo to Fort St. Philip, the true bed consists of a already proved 
tenacious clay, which is unlike the alluvial soil, wears slowly under the to e erroneoiia ' 
strongest currents, and is proved, by conclusive evidence, to belong to a geological for- 
mation antecedent to the present. This disposes of the first assumption. 

We come, then, to the second assumption, viz.: that the water is at all times 

rhar-'-ed with sediment to the maximum eapaeitv allowed by its yelo- „, 
w - L * J The second as- 

city. If tins be so, the amount ot sediment at different; stages must sumption— that 

varv proportional I v with the mean velocity.f To determine this qm-s- the water is 

tioUj an extended series of elaborate daily measurements was made, to its maximum 

These experiments have been fully detailed in Chapter II. From the capacity with 

, . ,i i n . « » - t, sediment, 

table there given, the mean number ol grains troy in a cubic foot of 

water has been computed for each week during the continuance of the velocity mea- 
surements both at CaiTolIton and at Columbus. The corresponding mean velocities are 
taken from Appendix D. The following table exhibits the results which are represented 
uu plates XII and XIII:— 



* AJtbongn Slwtf Hanmnl guaflled himself so carefully ugatost misconception, lie lias been misnnderslnud and 
(luolrd as deducing from his computations (supposing the values of the variables in the formula to bo correctly 
assumed) ihut the ultimate effect of an nutlet, of the dimensions of the Uonnei-l'tirre erevnsso of 1.850, would be an 
elevaiiiiu of the bed of tin- Mississipitf st C&rroUtoo, amounting to Is.f) feet, BvideDUj he did not present this as kit 
upinittft hut as the result ffhicn would tnke. place suppositlg (ft* water /■• bi tJmrged to its utmost wparitt/ with scrft- 
m i,i, i question which be "did not pretend to decide." 

| Lcconlisfl to Duptiitfi theory, the power of & river to hold sedimentary matter in suspension is proportional 
to the difference iu tie velocity t>{ the consecutive Blarocntsof the water. This, however, does not uiiliiulr* in the 

lea : ■> .• ..n; ( tin 1 ilmvi propo ition fer.BS has ul read) been seen, this Oilt'erenee, depending "I"- 111 'he parameters of the 
curves of vortical mid liuriKuntul velocity, vnries with a function of the mean velocity. 
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W'tvLhj n'-tftnirnf <a«l >'t lix-itif of the Mississippi river. 
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The measure- 
ments of this 
Survey prove 
this assumption 
to be entirely 
erroneous. 



A glance at the two diagrams is sufficient to demonstrate the falsity of the assump- 
tion, that Mississippi water is always charged with sediment to the 
maximum capacity allowed by its velocity. At the date of highest 
water, both in 1851 and in 1S5S, the river held in suspension but little 
more sediment* per cubic foot than at dead low water, when the 
soundings of the Survey proved that the river made no deposit in 
its channel. Moreover, it will be seen, by referring to Chapter II, that an analysis of 
the distribution of the sedimentary matter held in suspension leads to the same eon- 
elusion by establishing that the river is never charged to its maximum capacity of 
suspension. Hence, if enough water had been taken from the river at the date of 
those floods to reduce its velocity nearly to that of the lowest stage, no deposit in 
the channel could have occurred. These observations demonstrate beyond question 
thut nit praHicufjfc h 'njh- irii h r outlet or uxwt&weir tn/i occasion any jW'ukj of the channel 
!>)/ (h'j)tmtiuii of sctli menhir ij matfer held in suspension hy the water. The second assump- 
tion is, then, as untenable as the first . 

The observations of the Survey, however, in establishing the fact that the current 



* The proportion of sediment contained in the riviT si any jriveti time depends npon Bw source fmro which the 
water Is derived; whether from the great Bediraenfchoarfng tributaries, the Bed, the AikmsM, and the Missouri, or 
from those comparatively clear, litre the Upper Mississippi, the Ohio, the V.1/...1, the White nod the Black; for It will 
be seen thai the dntce of greatest proportion of aedimool correspond to those of the rises in the former streams. The 

caving of Uic bunks, which takes place chjcjy while the riv«r is fulling, nppean also to affect the amount sensibly. 
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is rolling along upon the bottom of the river a certain quantity of earthy They however 
matter, suggests a new subject of inquiry. May not an outlet so dimin- suggest anew 
ish the velocity of the river below it, as to cause an accumulation of inquiry, 
this material, and thus partially fill up the channel? To decide this 
question, it is necessary first to form a definite idea of the retarding effect that will be 
produced upon the velocity at the bottom by any outlet likely to be made; and, second, 
to determine whether this reduction of velocity will cause an accumulation of the 
earthy matter. 

The data necessary for the first part of the discussion have been obtained by measure- 
ments at the site of the groat Bonnet-Can^ crevasse of 185(1, where it has ,,.„ 

1/1110 rcncGG^isfc* 
often been proposed to form a permanent outlet. They appear in the ing in the velo- 

preceding analysis of the flood of 1850. or in the tables on na«res 3GG, 3(58, cit F aboTe and 
t .on nrt' 1 i- 1 1 „-x . below the Bon- 

and 359- When the discharge at the crevasse was at its maximum, or net-Carre cre- 

114,000 cubic feet per second (February-April), the river was 2 feet yasse, 

below the high water of 184U ; and its area of cross-section was 202,000 square feet 

above, and U8,000 square feet below, the site of the break. The discharge above the 

crevasse was 1,1U0,000 cubic feet per second. The mean velocity of the river was then 

1,100,0(10 „ ,_ - , , , 936,000 , ,„ , 

. H} ., wm = .>.!-> hvt pec M'cotiu above, and ^-^ = G.bO below, the crevasse; the corre- 
sponding velocity at the bottom being (equation 81) 4.72 and 6.80 feet respectively. 

The prevalent error of supposing that the u bar" below this crevasse was occasioned 
by the accumulation of material, from any source, collected in conse- 
quence of a diminution of velocity, is thus gjeposed. The vdmlty at the ^et/bar was 
"bottom immediately Uloir tin hnak mm more thaa a /out />er sm>iul i/na/rr not washed 
fh'iu t/>at tthorr, and the problem si 10 u Id rather lie to ascertain why the bar ^"Sr! tlie real 
was not washed away in tlie flood. Its composition furnishes the solu- 
tion. Tlie soundings of this Survey show that the bar is composed of the hard Mite day 
so often mentioned] which the Mississippi currents wear so slowly as seemingly to produce 
no effect, unless tin' surface is occasionally exposed to the air. To this natural ridge 
might with some plausibility be ascribed the cause of the crevasse, especially as n second 
break occurred at the same place in 1850, 

Since this crevasse was situated above a natural contraction in the „ 
, , . , . ,. , * A 1 . t ., 1 General mvesti- 

channcl, it cannot he interred, Win tlie tacts connected with it, that an Ration as to the 

outlet man not occasion a serious reduction of velocity below its site, actual retarda- 
tt '1 „ , 1 1 1 tion m velocity 

lleuce. U) determine the eflect of an outlet upon the mean river, the a t the bottom 

great Hell crevasse of 1858 (No. -jo) will be considered, and the cross- caused by an 

» outlet 

section assumed to be eipiul above? and below the break. 

The amount by which the depression of the water surface, due to the crevasse, 
diminished the area of the river section is first to be determined. It is evident, since 
the slope is here at the rate of only about one inch per mile, that the depression of 
WAter surface just below the break must be sensibly equal to that just above. But the 
depression above can lie exactly estimated by referring to the Carroll ton curve on plate. 
XIV, which shows that when the crevasse was discharging most (August 1-17), the 
river surface was L.5 feet lower than when, in lS.j 1 ? the river at a similar stage was dis- 
charging the same amount (090^000 cubic feet per second). This difference of 1.5 feet, 

50 
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then, measures the maximum effect produced upon the river surface by the Hell crevasse. 
Hence tiie high-water urea (gauge 15.4) being say 1N5.000 square feet, and the width 
say 2500 feet, the actual area of cross-section 00 August 1-17 (mean gauge 12.8) was 
185,(100 — 250(1 (15.4 — 12.8) — 178,500 square feet; while, if Hie break had not 
occurred, the area {gauge 14.3) would have been 185,000—2500 ( 15.4 — 14.3) = 182,300 
square fret. Kut the actual mean discharge per second below the break was 910,000, 
when, but for the break, it would have been 990,000 cubic feet. Hence the actual 

mean velocity below the break was ..'.,,= 5. Id feet per second, when, but for the 

1 7 s,,'Cii l 

break, it would have been y^YoO = 5.4:1 feet per second. This gives tor the mean 
bottom velocity (equation 31) 4.40 and 4.70 feet respectively; difference, 0.3 of a (not, 
or about six per cent. We may therefore infer that the actual reduction of velocity, to 
be apprehended from an outlet, is very slight. 

We now come to the second division of the subject. Will such 
So small a reduc- , ,. « , -., . -.• ,. ,. ,. ■ , 

tion of velocity reduction ol velocity cause a deposition oi any part ot the material 

will cause no moving along the bottom? 

matoriS a «°£ittg To tbi * a ilystion h '"«>" ]>r n T lir(1 tJ,t)t even moderate winds often 

upon the bottom occasion much larger reductions of the bottom velocity; while local 
of the river. variations in the area of cross-section are everywhere effecting similar 

changes, some of which exceed a foot per seconil, or nearly twenty per cent, in amount. 
This fact in reality decides the question in the negative upon general considerations; 
for, if the river were always rolling along upon the bottom the maximum amount of 
earthy matter of which its velocity was capable, deposits would be made in the large 
sectiuns; and the area of cross-section would thus become uniform throughout. Since 
actual observations prove that great variations in the cross-section exist everywhere, it 
is evident that the maximum transporting power of the current is not called into requi- 
sition; and hence that no accumulations are to be apprehended from so small reductions 
of velocity as will be occasioned by outlets. — which, after all, are only designed to 
reduce the river to its normal condition before levees were made. If measurements 
of the quantity of the material transported along the bottom had been practicable, aa 
it was in the cose of the sedimentary matter, this conclusion would doubtless have 
been confirmed by direct observations; for the quantity collected at any one time was 
always small. 

The facts above cited establish that there is no evidence that any filling up of the 

bed ever did occur in consequence of a high-water outlet; and, moreover, 

of great utility, that it is impossible that it ever should occur, either Irom the deposition 

so far as the r sedimentary matter held in suspension, or from the accumulation of 
river is con- ....„,' , . . ,.,, . , . . . . . 

eerned; but they material drilling along the bottom. 1 lie conclusion is then inevitable, 

are virtually im- that so far at the river itself ta concerned, tkev an of great utility. Pew 

practicable from ' ., . . . , *, , T „ , . 

the difficulty of practical problems admit of so positive a solution. Uniortunately, now- 
disposing of the ever, {fa reUefcf the ran r U& If is only baifof the diffmdty. The Water 
taken from it still remains to be disposed of. Crevasses solve the prob- 
lem by discharging this water into the swamps. The natural drains (here, however, 
are insufficient, and the backwater gradually rises until the plantations upon the river 
banks are submerged, and ruin is thus spread far and wide. A channel to conduct the 
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/cikr to the <julf must than Ije prcjximl. Here lies the groat practical difficulty which 
renders the system of oomparatavely little avail for protecting Louisiana against over- 
flow. This will l)e apparent when an attempt is made to select an advantageous loca- 
tion lor the works. 

As already intimated, no outlet is possible above the Arkansas river. Between that 
stream and the Yazoo river, where the difficulty of restraining the Hoods 
Is greater than in any other part of the alluvial region, it is probable tweentheArkan- 
that a useful purpose may be served "by drawing off a part of the sur- sasand Red 
plus water and discharging it into bayou Tensas, This plan, which aYvairtageons 7 
will be fully discussed in the next division of this chapter, would evi- to a limited 
dently be of no service to the region below Red-river landing; since the 1S nc ' 
water taken from the Mississippi would pass through the Red-river channel to bayou 
Atebafalava, and exclude a corresponding amount of Mississippi water which otherwise 
would enter through Old river. The plan is, therefore, purely local, and of no possible 
utility to lower Louisiana. 

Below Red-river landing on the right bank, three natural outlets — bayous Ateha- 

falava. IMaquemine, and La Fourehe — already exist: and, owing to the „ ,„ . 

;. i , i, ,i . li . Jt , ' i No artificial out- 

cbaraeter of the delta, new outlets cannot be opened on that bank at a j e t s practicable 

sufficient distance from the gulf to be of practical utility. The cost of on the right bank 

so enlarging the channels of the three bayous as to enable them to carry e ° W mer ' 

off a volume sufficiently large to depress the Hoods materially, would be so great that 

the project is virtually impracticable. 

On the left bank, three localities have been suggested as peculiarly On the left bank 
advantageous sites for outlets. ha^btneng- 

The first is the old channel of bayou Manchac, a former outlet to gested. 
the Amite river, and thence to lake Pontehartrain. Its dimensions 
were always insignificant. Du Prat'/, writing about a century ago, calls (.j^,,^ 011 
it a "rht mil," or natural canal. The following extracts from the report 
of Mr, A. I>. Wboldridge, State Engineer, submitted to the Senate of Louisiana in 1852, 
demonstrate the disadvantages nf reopening this bayou: — 

"The ba_you Mancbac is the first of the natural outlets of the Mississippi on its 
eastern side, and is situated at the distance of fourteen miles from the termimcH of the 
high lauds below Baton Rouge. In periods <»f high water, it formerly connected the 
Mississippi with the gulf of Mexico by way of the Amite, bike Maurepas, and lake 
Pontehartrain. The distance from the head of the bayou, by its meanderings, to the 
Amite, is about 22 miles, and the whole distance of the water communication with 
lake IWgne is about KM). During the last war with England it was greatly 
obstructed to prevent the British from reaching the interior by that route, and in 
182b' it was closed by a substantial dike to prevent its water from overflowing the 
settlements upon its banks and in its vicinity. 

•• In descending the bayou, its first tributary is the bayou Crocodile, on its southern 
bank, w I del i drains Spanish lake and its inlets into the Manchac, The junction is 9 
miles from its head. About half a mile below, it receives the bayou Fountaine on its 
northern bank, and a few miles below. Ward's creek on the same side. 

'•At its head, it is about 91) feet by a depth of 12, and its elevation above the lowest 
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water of the Mississippi, 20 feet, the greatest rise of the river here being 32 feet. Con- 
sequently, it is necessary for the river to be 20 fret above low water he lure its waters 
can escape by the bayou. From its head to its junction with bayou Crocodile, it is 
usually a dry bayou and very tortuous in its course. It diminishes very rapidly iu 
size as you descend from the river, and at a distance but little over a mile from its 
source, it has only a width of 44 feet from bank to bank, a depth of 10 feet, and a width 
at bottom of 15 foot. It is but little larger than at this point till it reaches the Croco- 
dile. Below its junction with the Crocodile and Fountaine, it is 100 feet wide by a 
depth of 15, at the water surface being 70 feet Tins may be considered as the very 
highest point of navigation in its present condition. The banks of the bayou are very 
low nearly all the way on its southern bank from its source to the Crocodile, and on 
the north to the bayou Fountaine. From these points to the Amite there is tolerably 
high tand on both sides. The over How tor some miles, in ease of crevasses, above the 
Crocodile and Fountaine, is from 8 to 15 feet. 

"By taking cross-sections at the end of every mile from the head to the Crocodile, 
it is found that the average channel of discharge ts 300 feet." 

* :i: * * * * $ * * 

"As a depleting outlet, therefore, of the river, the bayou Manchac is utterly insig- 
nificant, and as its bed is composed of a close, stifl' clay, it is unreasonable to suppose 
its importance would ever be materially augmented.' 1 

:■; s!s * * * * * # $ 

"If the bayou were opened, as an inevitable consequence, a large portion of the 
parishes of Ascension and Baton Rouge would be overflowed. Several hundred thou- 
sand acres of land, much of it highly improved, would have to he abandoned. The 
losses would have to be counted by millions of dollars. Suppose this could be prevented 
by leveeing the banks of the hay on, still the expense would be very great. Levees 
would have to be built of miles in length, from ['J, to 15 feet in height to sustain the 
backwater from the Amite, as well as that coming down from the Mississippi. But, 
even with this, the country could not be protected." 

* # :i: * * * :H * * 

"In view of the calamities that would he inflicted u|khi a worthy people, who have 
settled aud improved, in good faith, and without expectation of change iu the State 
policy, an important and fertile portion of the State, if the bayou were simply opened 
without steps being taken ibr their security, and of the vast cost of protecting them, 
and of its insignificance as an outlet of the river, I would respectfully recommend that 
the bayou Manchae he permitted to remain in its present condition. 

"Circumstances of a peculiar character, iu the early history of our State, gave an 
undue importance to the bayou Munehac or the famous river Iberville, and this im- 
portance has been awarded to it to the present day, prohably from the fact of its being 
closed up from observation. Its ancient fame and reputation abroad soon vanish when 
it is seen." 

The next locality on the left bank suggested for an outlet Is at the site of the great 
Proposed outlet cryvfl88t -'s <»f 1850 and 186ft, in the bend kduw Bonnet-Carre church, 
in Bonnet-Carre The distance between the bank of the Mississippi and lake hm I chart rain 
bead ' is here only 6 miles. The fall in water surface between the river and 
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the mean level of the lake is at high water (1851) 19.6 feet. There can therefore he no 
doubt that by making two levees from the river to the lake and cutting the Mississippi 
levee between them, a high-water outlet of any dimensions can be made. Such an out- 
let would be of utility in reducing the height of floods for many miles above and below, 
but its construction would be followed by consequences disastrous to Louisiana. The 
following discussion of the subject will show that the works must be diilicult and costly; 
that the navigation of the lake will be rapidly destroyed; and that there is danger that 
eventually the outlet will become a main branch of the river, and the navigation at the 
present mouths he thus seriously impaired. 

With reference to the extent and cost of the works, it is apparent that a channel 
must be prepared for the outlet entirely through the swamp to the lake, Ex . tent and 
so as to wive a free discharge to its waters; for, if they were merely costly character 
conducted to the swamp, the thick growth would so impede their How of ttie work ' 
that enormous levees won Id be required for many miles above and below the outlet, 
in order to protect the rear of the plantations from overflow. 

The first question that presents itself is the discharging capacity that should be 
given to the outlet. To reduce the maximum discharge of the flood of 1858 to that of 
1853 would require the abstraction from the river of 15(t,000 cubic feet per second. 
Applying the new formuhe to the data already given, the computed width of an outlet 
of that capacity would be DOItO feet, and the mean velocity about 3 feet per second. 
This discharge would raise the surface of the lake 2.0 feet,* and in this condition the 
occurrence of storms — the effect of which is shown in Chapter II — would flood the rear 
of plantations, which at the edge of the swamp are now but 1 or 2 feet above the 
lake. Levees must therefore be built along the edge of the swamp. Thus an outlet 
of a capacity only sufficient to reduce the Hood of 1858 to that of 1851 must occasion 
lnr ,f e expenditures for levees both to form its channel and to prevent the lake from 
partially overflowing cultivated land. 

But the Hood of 1851 caused several crevasses; and the discharge of the river must 
be reduced still more, if outlets are to lie relied upon as a sure means of protection. 
When we consider the cost of opening, to lake Pontchartrain, a stream a mile and a 
half in width, and the great inconveniences which would result, we must conclude 
that the outlet should be of a capacity sufficient to reduce to almost nothing the 
yearly expense of maintaining t\i^ river levees along the extent to he protected by the 
nutlet; that is, in such a Hood as that of 1858 it should depress the surface of the river 
at all points below it to the mean level of the banks, or to 8.8 feet below the flood of 
I 851 . (See page If, 1.) The reduction of discharge necessary to this depression of the 
river BIE&ce is .'Inn. (inn cubic feet per second, and that must he the capacity of the out- 

* Tin* reading of (he MOM level uf the lake during February, March, April, May, and June, 1850, while it received 
tlie discharge of tin i;»miet-<'urre crevasse, was <J.7 feet The river began in full rapidly ftbout .Inly 1, and by the 
middle of that Uintah Do longer discharged through the crevasse. The mean rending id' (lie Like gunge during July, 
August, and Beplember the only mouths of the remaining part of the year of which there are records) was 8.0 feet. 
Tlie reading of the mean level of the hike goring February, March, April, May, and June, 1851, the season of the year 
during which, in I860, the lake wan elevated bj the crovnete, wai 8.0 feet. These facts show conclusively that the mean 
discharge through ihe Bonnet-Cant" ttetasae 105,000 uubic foot per tocond) elevated the level of the lake 1.7 feet. 
By a comparison with the mean yearly level of the lake, the mime result i.t obtained. The greatest discharge of the 
crevasse into the bike was during February, the mean level then reading til'i feet. Thus the greatest elevation of 
the lulreliy the UeiuieM'urre eiOTBSW was 2.2 foci. 
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let. Ry the formula 1 and data before mentioned, its width would be IS, I DO foot and 

its mean velocity 8.0 feet pel second. In order to determine accurately how much 

.such a discharge would raise the surface of the take, the elevation of the .shores, over 

which it would empty iuto the gulf, must be known. This information has not been 

collected, nor is it essential to the general discussion of the subject. It has been 

assumed to be 4 feet in the outlet mouth, 

„. ,. ., The next question is whether tins outlet would be closed by its own 

Would tlie out- ' J 

let retain its depositions and the rapid growth upon it of willows, cotton wood, etc., 

primitive iS1R .[, , ls n SUil ]l v springs m, hi tin* alluvial depositions after the sub- 

dimensions? .. „ „ * . • ■ , , . •. i i i -i- ,i 

sidenee of a flood; or whether it would excavate its bed; and it the 

latter, to what extent 

Wherever there was a continued current inside the levees from the Bonnet-Carre* 

crevasse of 1850, there was no deposit and no growth whatever. There 
cloTeTtself *' * 8 ' therefore, no reason to anticipate that there would be any in the bed 

of the outlet. The cessation of the flow of water through it would be 
sudden, and the current would be of nearly equal rapidity as long as there was any dis- 
cbarge. It would be fortunate if a growth of willows did Spring up every year in the 
channel-way; for the annual cutting of such a growth would cost comparatively little, and 
the stubble and roots would protect the bed from the wearing which is to he apprehended. 
By referring to Chapter VII, it will l>e seen that a stream situated like this would not 
be closed by the liar which would form around its mouth. It does not appear probable, 
then, that the outlet would be closed from any natural cause. We have next to see 
whether it would not excavate its bed. 

From all the information collected, it appears that on the bank of the river in this 

vicinity the soil, to the depth of the mean level of the gulf, is composed 
vatTitsied^" uf Illl, ivial deposit, and that pure clay is met with for the first time at 

about that depth. At what depth it will be encountered on the hike 
shore is not positively ascertained. In the low ground, west of the river, it is found in 
some places at or near the level of the gulf, in others several feet below the gulf. Mr, 
Bayley, formerly State Engineer, who is familiar with all porta of the alluvial region of 
Louisiana, states that in the swamps on the east side of the river the first lied of clay 
lies at a much greater depth than on the west side. It will, therefore, be assumed that 
on tlie lake shore it will be met with at the mean depth of the lake (IS feet), since the 
bottom of the lake is chiefly clay. Now, although the alluvial surface soil along the 
river has considerable tenacity, yet it is unable to resist a current of 8 feet per second, 
a velocity which the currents that began to wear the l'lac|uemine elllux could not have 
exceeded. The bed of the outlet would therefore he cut down to the clay stratum, and 
the outlet would become an immense bayou or branch of the river, and, like tin- Atcha- 
f'alaya, the Plaquemine, and the La Kourehe, would advance a delta regularly into the 
receptacle of its discharge. That discharge would become enormous ; indeed, the outlet 
would be the main river at high water, even if the deepening should cease at the first 
bed of clay. The injurious eoiiscquenecs that would follow from the discharge into take 
Poutehartrain, of an outlet having the original capacity of thai described (300,000 cubic 
feet per second), would of course be aggravated in proportion to the increase of (hat 
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volume. One of two courses must therefore be adopted; either the bed of the outlet 

must be protected against the wearing of the current, at an immense cost, or the outlet 

must be made originally of such dimensions that, when the current has excavated the 

bed to the clay stratum, the maximum discharging capacity shall be equal to 300,000 

cubic feet per second. A proposition to protect the bed of the outlet no one will 

seriously consider. The consequences llowiug from the second proposition must be 

traced to their end. 

An outlet to discharge 300,000 cubic feet per second, when excavated to the clay 

bed, must be §200 feet wide. Its original maximum discharge would ~ - 

a n ( Dangers of per- 

then be 5C,O0U cubic feet per second, and its velocity 3.2 feet per mitting this to 
second. When the clay bed is reached, the mean Hood velocity would o^ 1 "'- 
be 5.5 feet per second; the mean annual velocity 3.S feet per second. The thickness of 
that first stratum of clay is not known. Before undertaking the construction of the out- 
let, the nature of the strata forming the channel of the river in that locality, and those 
underlying to a considerable depth the proposed bed of the outlet, should be carefully 
ascertained bv boring. In Chapter II, on page 101, under the head of geology of the 
banks of the river, the character of the various strata pierced in the boring of the Arte- 
sian well at New Orleans, to the depth of G8tl feet below the surface of the gulf, is given. 
At the level of the gulf, a clay stratum begins, which is 19 feet thick. It is followed in 
the next 20 feet by various strata of little coherence. At that depth the marine strata 
begin, or those belonging to an earlier geological age than the present, or at least to a 
period before the material, brought down by the Mississippi river as now existing, began 
to accumulate in this locality. For the next 71 feet these strata consist chiefly of dil- 
ll'ivut kinds of sand, separated by thin layers of clay or compacted shells, the thickest of 
which is G feet in thickness. At this depth, I in foot below the gulf level, a yellow-clay 
bed 34 feet thick begins, followed in the next 50 feet by alternate strata of sand and 
clay the thickest of (lie latter being 9 feet through. At the end of this series, 191 feet 
below the gulf, ft blue-clay bed 32 feet thick is found, followed by one of sand 23 feet 
thick, which is succeeded bv another clay bed 39 feet thick, and so on. The strata at the 
site of the proposed outlet are undoubtedly of the same general character as these, although 
probably not precisely of the same thickness. The bottom of the Mississippi is always 
found in one of those thick beds of clay. When it lias worn through one, it at once 
[•asses through the layers of sand to fhe next, day bed. What length of time would 
elapse before the outlet would wear through the first stratum of" clay, which may be 
supposed to be IS or 20 feet thick, of course cannot he predicted; hut that, with its 
gn-at annual velocity and volume, it would finally, though doubtless at a remote day, 
Wear through that Stratum and greatly deepen its channel, and thus become per- 
manently a low- water as well as high-water branch of the Mississippi, seems to be pro- 
bable. The consequent reduction of volume in the main river would lessen the depths 
upon the bars at its mouths, besides impairing the navigability. Constant examination 
would therefore Ik? required to ascertain whether such changes were taking place, which, 
if detected, could lie arrested only by closing the outlet. 

These views are not speculative, There are well-authenticated instances of the Po 
and the Rhine, under circu instances some what similar to those attending the existence 
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of the supposed outlet, having opened new channels to the sea, which are now either 
the main .stream or principal branches °i" the rivers.* 

* ClUlMgea in the Po, — The researches of the Chevalier Klia Lnmhardiui, Hireetor-lloncral nf Public Works in 
Lomburdy [Hydraulic system of the Po, etc., etc., Milan, 1810 ami IfiVJJ establish that, previous to the year 1 1 "ill, 
(.be Po run in a siugle stem to Fcrrar.i (plate XIX), where it was divided into two brunches — the I'o di Volutin 
lint] Mm Po <li Frimuro — the mean distance to the sea from this [mini being ."it miles. In 1150 it erevusse occurred 
tin llie left hunk of the Po at Ficurolo, near Stcllnta, 16 miles above Ferrara, the discharge through which was 
curried to Ihe lagoon of Adria by n natural depression, Thus a new branch, of ihe I'o was formed, culled the River 
of the Ficarolu crevasse, which liually became- the sole channel, and is now known as the Po di Crande, [It has 

l.erti supposed that this depression wus » former bed of the Po. bnl this opinion is in tsisi.ent with the authorities 

quoted by Lombard!™.] The increase of tlie i'odi Grande or Venetian I'o was gradual. Before 16A0 it hud become 
the chief branch, and about that, time the Perrara branch was closed by dikes. In a short time after the crevasse at 
Fiearolo, the I'o di Crande tilled up the lagoon of Adriu, and advanced beyond the cordon h'Unral into the sea, having 
a length from Slellata to its mouth of 51 miles. In Ititll it had advanced nearly 7 miles farther into the sea, and the 
months being directed toward the entrances of the lagoon '<( Venice, ii was feared that their navigation would tie im- 
paired by the depositions of the Co. For this reason, its eoarse was turned from thai direction by a cut, which 
shortened the course to the sea. At tlie present time, the distance from .Stelhlta to tlie two principal mouths of (he 
Po IB tS4 miles, which is less than -it was in llf>i>. when it veacbcil tin- sea. through llie Iwo branches of Volano and 
Primuro. Other instances ol" the formation of new branches of the Po by cuts and crevasses are cited, and Similar 
changes in the A fige are related. 

Cftamgei in ffta RKfae.— The Uhine [LeconH de Geologic Pratique, par L. EHe de Beaumont; Paris, 1845] j„ dm 
time of Ciesar had two brunches (plate XIX); the right, called the Rhine, emptying into the sea al OP near Kalwyk, 
villi a length of ill! miles; the left, the Waal, the larger of the two, which, alter a course of abotil "(I mites, joined its 
estuary at a distance of 30 or 40 pules from the sen. Ttw V--. I m- then a small Stream rising in the sand and 
gravel hills of Holland, ami running parallel to the Khine for th<! Bpa I 2 ■ ;in miles above the point of bifurca- 
tion of that river. At the distance of about fi miles below thai point, the Y-sel turned at right angles ta the Rhine, 
and, running between two ranges u!' sand aud gravel hills, emptied into Lake Flovo, now the Zuyder Zee. The 
ground where this change of direction took place was low; the distance between the two streams about 8 or In miles, 
The Romans then occupied Holland (Batavia), and at the beginning "f ihe Christian era. Ilrtistis connected the Ithiue 
ami Yssel by a cut in the locality just described. Tlie increased rolitme of water tints introduced greatly enlarged the 
channel of the Yssel, which after a lime became a principal branch of the Rhine, Its length to the Zuviler Zee was 
and is about 70 miles. Thirty miles below the point of separation of the Yssel, on the right bank of the Rhine, near 
the foot of ihe last line of sand-hills, was a Itotuuu camp. The opposite bank was low and defended from Ihe over- 
flows of the river by a heavy dike, built by the Humans. The surface of both banks is at present composed of 
alluvial deposit. In I lie lirsl century, the ISuluvinns, retreating before the Romans, cul this dike, (be river being tit. 
Hood. The crevasse thus made lloally became the arm of ihe Ithiiie known as tfie Leek. The length to its estuary 
was probably at that time what it is now. about 111 miles. Thy estuary is at the present lime about T.l miles long. 
The corresponding length of the (lid Khiuc was and is about "II miles. 

The Waul branch carries oil" two-thirds of the volume of the main stem, Tbis dislribulion of the waters is care- 
fully preserved. The banks are revetted and each year soundings are made to ascertain whether any changes have 
taken place. Of the remaining one-third which posses down the Rhine brunch, the Yssel carries o!f one-third, and 
the remainder goes to the sen by the Leek, the old RhlM (taring been entirely closed by dikes. 

f/imi'j'f in >!>'■ \'i:-'iiiii. — JJf . Spitlel, Kngmcer in Charge of llie Work* for the division of the Vistula. — Pamphlet 
of ML, J", \V. (Teller. Inspector of Harbor Improvements, upon lite hydrojrntphie relations of the Vistula and the 
Noeal. Ilutitzic, 1849.] The Vistula divides into two braucle- plate \l.\iat Moutaucr Spii/e | Morit.au Point), 
The right, called the Nogat, after n course of 30 miles empties into the Frische Hull', an arm of the Baltic sea. Pre- 
vious to IHo. the left branch, culled the Vistula, upon which Duut/.ie is situated, emptied into the LSultic at a dis- 
tance of l:'i miles from Moutaucr Spitwt, sending oil" a small sub branch, called Klbm^. Vistula, to the Frische Haft* 
at a point (rt miles above the mouth in the I'ullic In !*■(<), lite ire brought down by ;i January (loot) gorged at n 
point aboul "J utiles from the mouth of the Vistula am! cul a channel through the sand hills to the sea. This is now 
the mouth of the Vistula, that passing Hani tfie having been closed by a dike, 

The area between the Vi«tula and the Nog*t II protected against Boods by levees from 20 to 25 feet high. 

The Nog/at was nut originally u branch of the Vistula, but u smull river, holding relations and position toward the 
Vistula similar lo those of l be old Vssel to the I Hone, A commnaicuta.ti between the two existed during llie Hoods 
of the Vistula at a point a feu miles below the loi uhly now called Montauer Spilxe. A dense oak forest protected 

the Nogftt from the Boating tee of tie Vistula, and prevented ihe complete union of the two streams. To improve 
Die low-water navigation of the Nognl, the lialf-furui.-d channel between them was pBrfcefcd in lfi.'.y, and the uitk 
forest tn the vicinity was cut away. This uniliug channel, however, soon began to enlarge, and the Hunting ice, 
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But another important change, the filling of lake Pontchartrain, would certainly fol- 
low upon the opening of a great outlet at this site. Supposing the wide Serious iniurv 
outlet to be used with a protected bed, the mean annual duration of its which must 

discharge wuuld be about equal to the mean number of days the river "ouov the 

i A i • ii opening of any 

is above the natural bunk at Car roll ton, that is, one hundred and twenty- great outlet at 

seven days. Its mean discharge during that time would be 154,000 th -is site ' 

cubic feet per second, and the volume of sedimentary matter carried from the river 

would cover a square mile to a depth of 21 feet. (See Chapter II.) The lake has an 

area of GOO stptare miles, and a mean depth of 13 feet. According to these data, the 

outlet would, iu three hundred and seventy-five years, discharge into lake Pontchartrain 

earthy matter sufficient to fill it. It is true that this earthy matter would not all be 

dcniisit^d in the lake, bul a large portion "f H wmiM be. 

Supposing that the outlet 3200 feet wide were used and its hod were allowed to 
reach the first clay stratum, near the level of the gulf; its mean discharge during the 
year being 128,000 cubic feet per second, the volume of earthy matter annually carried 
by it from the river would cover a square mile to a depth of 00 feet, and in one hundred 
and fifty-six years would be sufficient to (ill lake Pontchartrain. The navigation of the 
lake would be obstructed long before the termination of these periods. With such 
indications as these before us, it is unnecessary to attempt to follow the precise progress 
of the mouth or months of the outlet through the lake. 

If the project were tried by the conditions existing at the only other locality where it 
has been proposed to apply it, similar results would be found to attend its 
execution. This locality is where the Misaiaappi most n early approaches to" kk^Borgne. 
lake Borgtie — about 11 miles below New Orleans. The distance from 
the stream to the lake IB about -j. -3 miles. The fall of the ground from the bank of the 
river to the edge trf the swamp (a distance of about 3000 feet) is 8 feet. From that 
point to the lake, the country is nearly flat, being for 2.0 miles a dense swamp, and for 
the rest of ihe distance a prairie or marsli, liable to be Overflowed by the lake when the 
gulf is unusually high. The fall between the river surface at high water and the mean 
level of the hike is 18 feet. The velocity of the current would undoubtedly be suf- 
ficient lo open the channel to the first clay bed at whatever depth that might be found. 
The area of lake llor^ne being about one-third that of lake Pontchartrain, and the 
mean depth about the same, it would be lilled in a proportionately shorter time; and 
at the end of that period the entrance to take Pool char train would be nearly closed, as 



which now passed into the Nngai, ffDfgod at the avion places (the riwr being very irregular in width), and caused 
disastrous crevasses, -Mlempts were soon mink' tn arrest the enlargement of the channel, and tor three centuries I lit! 
proper division "f the <it*chttge at lie Bain stream between the two branches has entailed great labor and expense. 
I,, i-ia the point of BtjMmtioo ««s from ^ to 3 inilw above the original site. The opening of the Nogat branch, 
being deeper than the Vistula branch and more nearly la llie direction of the tipper river, carried off two-thirds of the 

vul, iii |i,w water, and a constantly tnereuaiflg ijuuntily during Hoods, though leH at. such periods than 1he Vistula 

branch. Too l.irire a proportion of flouting tie also passed down the Nogftt, To remedy these evils, and apportion 
the How of Intel in W h branch BO that at all times the Vistula branch should curry off two-thirds of the whole 
river, mid the Noirni tmo-tbird, immense works were began in LB4S, In 1H5:S the Nogat wits closed at Moalauer 
(■Spline, and a new bed prepared for it >ome '1 or 3 miles below, ut the site of the channel excavated in 1552. Some 
idea of tin: magnitude of the work- may he formed from their cost, 2,(11 H),f)0f) 1'russiau dollar*. Tlie cost of similar 
wurks in Ho- country would be at least lite same number of American dollars. 

51 
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the channel from it to the ^ulf would he merely sufficient lor the discharge of its drain- 
age. If outlets are to he used, however, this ifl the locality I'or their trial, since the 
results would be less injurious here than :it \-.ikv huiicliurtniin. 

„ , Enough has been said to demonstrate, with all the certainty of 

Outlets are not , . , ., ' , ■ . . L - .- ,. ,, J ,. . 

advisable, winch the subject is capable, the disastrous consequences that must fol- 

low the resort to this means of protection. 
Levees. — In Chapter II, a brief account has been given of the progreaa and of the 
This most im- present condition of the artificial embankments or leveefl HOW in use 
portant measure for protecting the alluvial region of the Mississippi valley from over- 
be Kted'uide? flow " Jt ' S t,iert " * Iimvn tliat tl,e system is far from complete; and that 
two headings— it has never yet been fully tested, inasmuch as crevasses have always 

its extent and its relieved the river ©f large volumes of water in the great Hood vears, 
possible dangers. 

and have thus materially reduced the high-water level. Great practical 
good, however, has resulted even from the imperfect application of the system; for 
without, it the greater part of the alluvial region below the mouth of the Ohio would 
be an uninhabitable swamp in the high-water months of the year, There is no doubt 
that the plan will continue to be universal))" practised throughout the valley to the 
almost entire exclusion of all others, and it is therefore entitled to a most careful and 
thorough analysis. This includes: First, a discussion of the exten! to which the sys- 
tem must be carried in order to afford present protection against river Hoods to all the 
alluvial region below Cape Girardeau; and, second, a discussion of the dangers which 
may ultimately arise from confining the flood waters to the channel of the river. These 
divisions of the subject will be treated in turn. 

1. To judge of the extent to which the levee system must be carried in Order to 
_. , . . ailon! present protection to the valley, it is only accessary to determine 

Flan for deter- l ' . * 

mining the ex- the amount by which flic high- water level of the I'lVcr would have been 

tent necessary to raJgegV had the water been confined to its channel in Ih.YS; because, as 
be given to the ... . . ... 

system in order already proved, the maximum discharge under such conditions would 

to insure pro- probably never have been greater than in this flood. The table on 
tection , 

page 351 exhibits the amount by which the maximum discharge at 

several nearly ecpiidistant points of the river would have been increased, had no water 
escaped into the swamp lands below Cape Qirardeau. In Appendix 0, the dimensions 
of cross-section at these localities are given, and on page 108 will be found the corre- 
sponding range of oscillation between high-water and low-water mark. These data, 
together with the gauge-records in Appendix li, and the table of discharges on page 
340, render it easy, in accordance with the principles laid down in Chapter V, to deter- 
mine exactly how much higher the water would have risen at each of these localities, 
had the increased volumes, indicated in the table on page .".*il, been confined to the 
Channel of the river, 

The first step in the computation is to deduce the numerical values of „ for the 

Values deduced several localities. This has been done precisely as described in the last 

format the chapter, and no explanations are needed c\repl in the case of Memphis. 

several locali- At this city, as no discharge measurements were made by tin' Survey, 

tles * and as the method of transferring the measured discharge from Columbus 
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or Vicksburg could not be applied, owing to the general breaking of the levees of the St. 
Francis bottom, it became necessary to make use of the observations conducted by Lieu- 
tenant MaiT, U. 8. N., under direction of the Secretary of the Navy (Bureau of Ordnance 
and Hydrography) in 1850-51. An account of these operations has been given in Chap- 
ter 111. The surface velocity only was measured, and Lieutenant Man* deducted one- 
tenth to correct for supposed retardation below. It has been already seen that the 
velocity at the surface is some times greater and sometimes less than the mean of all 
the velocities in the same vertical plane parallel to the current, but that it never differs 
materially from this quantity. The reduction by Lieutenant Marr, therefore, was 
erroneous, and it lias been corrected by adding one-ninth to the discharge as computed 
by him. When the measurements, thus corrected, arc plotted in a manner similar to 
that slmwu on plates XII to XV1L it is manifest from the serrated form of the curves 
that the observations were less exact than those conducted by this Survey; as indeed 
must have been the case from the comparatively rough manner of operating. By draw- 
in" a smooth line through the serrated parts of the curve, however, it is easy to correct 
approximately for these errors, and thus to derive tolerable data for determining the 

numerical value of 5 5 at Memphis. The following table exhibits such data, together 

with those derived from the observations of this Survey for the other localities under 

consideration. The degree of exactness of the several values deduced for „ ,, is shown 

by the last columns of this table. 

Values of „ ~ at various localities. 



U li'v 


UnU'. 


<■< 


a, 


*; 


Pi 
ft|f. 

■;i-:, 

■_MliH 

81ft 
27 at 

■em 
j lift 
iks8 

:i'J'.i7 
WfcSO 

:;i.,l 

4." 11 
Mf.ll 

8810 
BBSS 

;jiih 
ism 


% 


Q//-Q/ 


Deduced — - 
■1 V 


Valuo (if x 


CfQCO. 


Ob- 

fliTYad 


r<>HI- 

piirt-cl 


C.l mil lulu '.. 

UaDlilllU. 

1, „ 

tloleiirt 

u 

N'*| nl* ill 

L*k« I'ltnlrfouci. 

Vlefcttangl 

Ka!aln*&i, .„_ IWH 

Bed rivHT Pmillug— Z 

1 Uhn 1 1 U HBgd, . . , „ . . „.„.. «I 


Ipjll ltd April 1\ K'.il 
-V 1 t- 1 1 l«tlo April :;", " 
y., v 1., i,-, i- 

M>. "1 h, Y-A: J-. |M1 

p 1. : ■ v., .. |HM 
Apiti H 1.. M.n ": 
April IT i.,Mii v 

\.,, It. .).,'., I... 

1, 1 U I ■ Apiil S, " 

April IT la April ;io, " 

M.iiiij .:"■ fci Kvflrj ;l ■ 
Aug- Ah- An.' . 17, 
Mnrili H li> Iprll Sft " 
Ail*. 11 to Ami- 3*. 
K.I, 24 ti> Murrri III. IX-'il 
Ajirll ,'l la Mny 12. 
1- ■■ Mta M-,i.-., !.., " 
April UUlbf I--!, " 


!■■>. 

..•■:: 

-■ n 

T.6 

W 

aa.7 

1:.. 
Stt,l 
I3J 

2t.ii 
OJl 

11.: 

I'l.M 

\ass 

Il.'.'l 
toft 
ti.i 


Sq, /.:■). 

1, 1 IM 

llis.pm 
WJSsK) 
•m.i,-.i 
UljOUO 
K.llo 
1 

SMli,vJII 

140,130 
101,300 

I-:. 1 i 
31A,«5U 

.. 

ITO.IHHI 

[87.0*1 

1 . ■ 
[01,070 


1-rA. 

r.iMi 

mh 

% .■!.-, 
2700 

nm 

JlK.I 

i-ta 

3SI0 

■l -.|i> 

IM" 
.1111 11 

iWuii 
3800 

HUM 

HUM 


i.Vife Jut. 

esOiflcn) 

iSkl.lBH 

2»>ij.imhj 

-^u.nm 
l.i'tl."" 

l,oru,oiwt 

1.1 H. 

tssa, 

I.IM!,1>00 

030,000 
1,101.000 

!l 1,000 

olo.uou 

1, "."■,! "«> 
•JU.IMW 

i,..;ii,i*hi 


Oaiilc fid. 

_:l,n,i»«i 
. 4ibi,ii,iii 

+. sntywo 

+ u.t.iiho 
+ :w.ooo 

j llllt.lHMl 

1 10.000 

: tin. 

- 1. .■,,,!' LI 

r 168,000 
_ 1 ...,....., 
+ 394,000 

— 114.01)11 
.,- 214,000 

— 310,000 
-1- 1810,000 

—100/100 


OJ10000090ISO 

(MXW000UOM0 

,. 

11 
u 

IS.mUHIlMMIIKrJll 

O.I.K WmUKItl 

» 

n.nooftXKiol'Jo 
ixooooooouooe 

ojooorooooso 

O.4O00000CJO0 
0,00000000300 

l.JKNH li BMll.il Kl 


y-.t. 

11.2 
10,9 

V. 7 
20,0 

11I.H 
1.0 
4.0 
l.i 

IS.fi 

3A 

4,0 
6.1 
O.O 
K.I) 

M 
S.'i 
4.0 
4.0 


Fixi. 

10.7 
I0J 

1:..:; 

•r,A 
20.2 

1.0 

4.1) 
1,S 
18.0 

~:' 

14) 

fi.2 
J*.0 

11.0 
6.8 
fUl 
4.H 
4.2 


j O.ft 

t 11.8 

[m 

-0.fi 

—0,4 

0.0 

h<>.« 
0.0 

■-.:, 

■ i-o,a 

+0.1 
—0.1 
4-0.1 

0.0 

-f 0,1 

— Il.lt 

f 0.1 

—0.2 


< 'mi . 11 inn *.„..,.. 



The next and final step is the practical application of the formulae to the great 
problem — how much higher the tiood of 1868 would have risen at these 
several localities, had the river been securely leveed. The method of Outline of the 
computation is, obviously, to adopt for the primitive stand of the river "{"but* excep- ^ 
at each locality the conditions existing there on the day of maximum tional localities. 



See table on page 329. 
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discharge; and to compute, by the process explained in Chapter V, the value of x cor- 
responding to the maximum discharge which would have occurred, had rio water escaped 
from the river. These values of x denote the exact increase of height tu which the 
flood would have attained at tin- several localities; inasmuch as any observed increase 
of height, subsequent to the day of actual maximum discharge, would doubtless have 
also occurred with a perfected condition of the levees. For Columbus, Napoleon, Vicks- 
burg, Natchez., Bed-river landing, and Baton Rouge, the application of this process. 
requires no especial explanation. For the other localities the compulations are more 
involved, and will therefore be noticed separately. 

At Memphis, as already explained, the daily discharge during the tlood of 1858 
could not be deduced from the operations conducted either at Columbus 
for Memphis, t,r ilt Vtcksburg. The actual maximum discharge at this locality, there- 
fore, eouhl not be determined. It is necessary, then, in order to solve 
the problem, to .select, tor the primitive stage, that existing at some other date, when the 
discharge and dimensions of cross-section are known. This selection may be made from 
the observations both of Lieutenant Man - and of this Survey. Thus Lieutenant Marr's 
measurements fix the values of these quantities on April 18, 1S50; and the table just 
given establishes that the formula* accord well with the rise actually observed at tins 
period, due to :i measured increase of 400.000 cubic feet per second in the discharge. 
Applying the formula: then to this ease, we find that if the discharge at the top of the 
rise had been 1,080,000 cubic feet per second (the maximum discharge with perfected 
levees) instead of 1,000,000, the rise would lone been 17. It instead of 10, L feet. Hut 
on April 18, 1850, the river stood 12.1 feet below the actual high-water level attained 
in 18-58. Hence a discharge of 1,880,000 cubic feet per second would rai.se the river 
17.0 — 12.1 =4.1) feet above the high water of 18§8. Adding 0.3 of a foot fur the usual 
rise after the discharge begins to diminish, we have 5.2 feet tin- the computed increase 
in height of the Hood of 1858, bad the levee system been perfected. Again, as already 
stated, the computation mil)' lie based upon the Columbus measurements of 1858. By 
reference to plate XIII, it will be seen that about Hay 17, 1858, the discharge at 
Columbus underwent but very slight variations for several days, and that, in conse- 
quence, the stand of the river both at Columbus and Memphis remained nearly con- 
stant, and at too low a level to allow of any escape of water into the swamps, It may, 
then, be assumed that the discharge at Memphis 00 May lib 1S5K, was the same as at 
Columbus, or about 1,010,000 cubic feet per second. The dimensions of cross-section 
at this date are known from the gauge-reading and Lieutenant Marr's tables. Apply- 
ing the tbrmuhe to ibis condition "f the river we liud that if the discharge had been 
increased to 1,380,000 cubic feet per second, the river would have risen 7. It feet. But 
on May 19 the river was 2.0 feet below high water of 1858. For the rise above the. 
latter level, then, we have 7.0 — 2,9 — 5.0 feet. Adding the 0,3 of a loot, we have 
5.3 feet for the computed height which the Hood would have attained above the actual 
high-water level of LS5S, had no water escaped to the swamps. This result, it will he 
noticed, differs only 0.1 of a toot from that deduced from Lieutenant Marr's data. So 
very close an agreement is doubtless accidental; but it is evident thai no serious error 
can exist in the determination. 

This result is confirmed by an analysis of an entirely diheront character. No Iri- 
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butary worthy of the name enters the Mississippi between Columbus Result checked 
and Memphis (Hatches river having a high-water section of only 8000 totally dUTerent 
square feet; see Appendix C). When the river is below the level of method, 
the natural banks, then, the water which passes Memphis is sensibly 
the same as that which passes Columbus. Hence by comparing the actual oscillations 
at these two localities, shown by the gauge-records, we may ascertain the law which 
connects them, and thus infer from the Columbus gauge the effect produced by the swamp 
lands upon the Memphis gauge, when the river is above the natural banks. It is clear 
that such a comparison can only be made at the tops and bottoms of rises, because at 
other stages it is impossible to determine what gauge-readings at the two localities cor- 
respond. The only existing data for the comparison are those furnished by the 
caugc-records for 1S-j7— i 30 contained in Appendix R The following table exhibits 
sm analysis of these records: — 
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It is evident that there is no material difference between the oscillations at the two 

localities, that at Memphis being ~ = 9.97 of that at Columbus. But the oscillation 

at Columbus from high to low water in 1858 was 37.8 feet. Ibid the levee system been 
perfected, it would have been 1.8 feet greater, or 39.6 feet. The oscillation at Mem- 
phis under these conditions ought then to be 39.6 * 9.97 = 38.4 feet. That which 
actually occurred was 81.8 feet. The increase in the height of this flood, which a per- 
i;.,-k'd li'vce system would have caused, is then 38.4 — 31.3= 7.1 feet. Two computa- 
tions so entirely different in principle, the one giving 5.3 feet and the other 7.1 feet for 
this quantity, can leave no reasonable doubt that the mean — say G.o feet, above the 
high water of l s "^ — is the height this flood would have attained at Memphis. 

Helena is the next [joint for consideration. By reference to plate XVII, it will be 
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TJie computation sees that the increase of discharge, as compared willi the rise in the 
for Helena, gauge, is very nnii'h greater ill the June rise than in either of the pre- 

ceding rises. This is an anomalous effect^ doe to un exceptional increase in the local 
elope. It was caused partly by the depression of water surface hetwcen Helena 
and the mouth of White river, occasioned by very large crevasse discharges in that 
vicinity (more than 250,000 cubic feet per second), and partly by the elevation of 
the water surface just above Helena, occasioned by a Sood of water returning to the 
river &*OTO the St, Francis bottom. In a perfected state of the levees, neither of these 
conditions would exist, ftud their eftect must therefore be eliminated. This can be dime 
by selecting for the primitive stand in the computation that existing at the top of the May 
rise [May 3). Applying the formulas to these data, we find that to discharge L,8 34,000 
cubic feet per second (the actual maximum discharge), the river must rise 6.7 feet; 
and to discharge 1,369,000 cubic feet per second (the maximum discharge with per- 
fected levees), it must rise 7.4 leet. Hut un May 3 the river stood 3.5 feet below high 
water of 1858. Hence, without, the anomalous influence acting upon the slope, the 
river would have risen (3.7 — '3.5 3.2 feet higher than it actually rose, in order to 
carry off the maximum discharge; and 7 A — 3.5 - 3.!) feet higher than it actually 
rose, in order to carry off the maximum discharge which would have occurred had the 
levees been in a perfected condition. 

At Lake Providence, also, the normal condition of the river was affected by the 

The computation ***& CFevas&e8 W" tlie town ) « shown by plate XV II. The Point 
for Lake Provi- Lookout crevasse occurred on April 30. The river, which had been 
dence * steadily rising for several days, soon began to decline, although the dis- 

charge continued b> increase. On June 23, the date of the actual maximum discharge, 
it had fallen 1.3 feet. To avoid the anomalous eflect of these crevasses, a date prior to 
their exercising any perceptible influence, for instance April SO, ought to he selected for 
the primitive stage in the computation. Applying the formulas to this stage, we find that, 
to discharge 1,188,000 cubic feet per second (the actual maximum discharge), the river 
must rise 3.0 feet; and to discharge 1,400,01111 cubic feet per second (the maximum dis- 
oharge with perfected levees), it must rise 10, n feet, lint on April 80 the river stood 
0.6 of a loot below the highest point attained in 1858 (April S). Deducting tins 
amount, and adding 0.3 of a foot for estimated rise subsequent to date of maximum dis- 
charge, we Nave for the elevation above high water of lS"»S, due to the actual discharge 
unaffected by the local crevasses, 2.8 feet; and for that due to the discharge which 
WOuld have OCCUrred with a perfected levee system. 0.8 feet. 

Dunaldsouvilte is ihe next point Ibr consideration. Plate XVII indicates that the 
The computation tH '° C ' 1VV;ISW ' S hehnv the town (Nos. 44 and 4 5) increased the slope of 
for Donaldson- the river, and materially lowered the surface. To avoid this anomalous 
VI e " influence, it is necessary to select for the primitive stage a date prior to 

its existence, say May 2. At this time the river was 0,0 of a foot below high water of 
1858, and the discharge was identical with that at the same stand In 1851. Applying 
the form u he, we find that to discharge L,197,OOQ cubk feet per second (actual maximum 
discharge), the river must rise 1.0 feat; ami to discharge 1,207,000 cubic, leet per second 
(maximum discharge with perfected levees), it must rise 2.8 leet. Adding 0.3 of a 
foot for probable rise subsequent to the date of maximum discharge, and deducting 0.9 
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of a li>ot for the depression of the primitive stand below high water of 1S")S, we have 
0.4 and 2.2 feet for the respective heights which the river would have attained ahove 
the act Hid high-water level of 1. 86 8, supposing these discharges to have been unaffected 
hv the local influence of the two crevasses. The former number fixes the amount by 
which the river was lowered at the date of maximum discharge (May 31) by the 
influence of these two crevasses; since, instead of being 0.4 of a foot above the actual 
high water of 1868, it was at this date l>.9 of a foot below it. Hence the influence in 
question amounted to 0.4 + 0.0 == 1.3 leet. 

At Carrolltun the usual law of discharge of the river was affected far more than at 
Donaldson vi lie, as may he seen by inspecting plate XVII. The town is 
situated between the sites of the two crevasses, and only a few thou- ft/ca^omou" 11 
Band feet ahove that of the larger (Bell's). To the influence of this 
crevasse alone, then, is to be attributed the anomaly of a greater discharge when the 
river was hilling than when it was rising. In order to eliminate all errors, a date 
before the crevasses exercised any perceptible influence, and when the river discharge 
accorded with that at the same stand in I Sol. is to be selected for the primitive singe. 
April 15 fulfils these conditions. The formula* indicate that, to carry off ljlStt.OOO 
cubic feet per second (actual maximum discharge), the river must rise 1.2 feet; and to 
Carry oil' l,2t)T,0OU cubic leet per second (maximum discharge with perfected levees), it 
must rise '2,6 leet. Adding 0.3 of a loot for probable rise subsequent to date of maxi- 
mum discharge, and deducting 0.5 of a foot (stand of river on April 15 below actual 
hiffh water of U5S8) 3 we have, for the increase in height above the actual high-water 
level of 1 86fr, in the two cases, 1.0 and 2,4 feet respectively. The depression occasioned 
hv the crevasse at the date of maximum discharge in the river (May 29) is ecpial to the 
former number increased by the actual stand of the river at that date below high water 
of 1808, tA to l.ti + 0.7 == 1.7 feet 

The following table exhibits the data above indicated lor all the Results of the 
localities under consideration, and the results of the computations based tations, with 
upon them:— data - 
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These results to The last column of this tabic shows the increase in height to which 

the tlood of 1858 would have gained, it' the river below Cape Girardeau 
had been confined to its proper channel. As already seen, each number in it is the 
result of a careful analysis of the local problem. The investigation, however, is too 
important to be brought to a close without exhausting every possible check upon the 
accuracy of the determinations. One further test can be applied. 

The second test of the new formula) (see Chapter V") establishes that their indica- 
tions accord perfectly with the actual Hood conditions existing in the 
Outline of this |^ ur g nuK j divisions of the lower Mississippi; namely, that between the 
Ohio and the Arkansas; that between tlie Arkansas and the Red; that 
between the Red and bayou La Fouvche; and that between bayou La Fourehe and Fort 
St. Philip. The increase in flood height given in Die last table determines the new mean 
dimensions of cross-section, and the new mean slope in each of these divisions. These 
quantities being known, the new maximum discharge can be computed by the formuhe. 
If this quantity accords with that derived from the new maximum discharges at the 
several localities, the exactness of the local detenni nations of the new flood heights 
will receive the strongest possible confirmation; since the new condition of the river 
will thus be shown to harmonize with the laws which govern it in its present 
condition. 

The application of this test is simple. The increase in the area is found by mnlli- 
N merical pljiag the width between hanks by the mean increase in flood height, 

values of the The latter quantity is found by dividing, by the total distance included 
quantities enter- j n ,| )L> (Jiyjgioj) midcr consideration, the sum of the products of the 
vng the compu- . . * . . , ..',,. 

tation, and its mean increase ot height between consecutive stations into the distance 

results, between them. The width, of course, undergoes no variation. The 

perimeter is assumed to remain unchanged, in order to allow, approximately, for the 
inconsiderable discharge which takes place between the edge of the natural bank and 
the levee. The sin.- a is a constant quantity for each division. The new fall in 
water surface to be used in computing the new mean velocity is found by deducting the 
affect of bends from ihe present fall, increased by the new rise at the tipper/ extremity 

of the division under consideration, and diminished by that at the lower. The real 
menu discharge to be compared with that computed by these data is derived from the 
new maximum discharge at each station, in the manner just described for deducing the 
mean increase in tlood height in the several divisions. 

The only explanations required for the local application of this general process are 
the following: The distance from Onlumhns U) Memphis is 225 miles, or about double 
that between the other stations. Most of the surplus discharge in floods escapes into 
the swamps above a point midway between these two localities. The increase in Hood 
height at this point, produced by confining the entire discharge to the channel, must 
then be about the same as at Memphis, i,s. 6.5 feet. Again, midway between Helena 
and Napoleon, the increased height of I be tlood level must be greater than at I he latter 
of these places, on account of the influence exerted by the White-river bottom lands. 

A Comparison of the amount nf ere vas.se- water which escaped into these swamps, with 
that which returned by the White and Arkansas rivers in lSo*. indicates that this 
increase is about 2 feet greater than at Napoleon, i.i . about \) feet. These numbers 
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have been used iu computing the mean increased height of the flood level between 
fche Ohio and Arkansas rivers. In computing the new mean discharge below lied 
river, bayou Plaqueinine has been assumed to discharge 10,000, and bayou La Fourche 
3000, cubic feet per second more than iu the Hood of 1808, on account of the increased 
rise of the Mississippi at their upper mouths. The following table exhibits these data 
and the results uf the computations: — 
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Tlie differences in the last column are so small as to render it certain that the great 

problem of protect iun against inundation lias been solved. The increased 

height tn which this standard Hood would have risen, had the levee sys- Fulness and 

truth of this 
fcem been perfected, has been fixed by the local analysis at so many determination 

points as to furnish all the practical information needed for adjusting of the proper 

the proper local heights of the levees. The new dimensions and slope \^es % ^ 

thus determined for the river prove to be almost identically those 

required to carry off the increased discharge. For this flood, then, the question is 

settled. But it has also been shown that the maximum discharge with perfected levees 

would have been as great in this Hood as in any preceding one of which we have 

records. The true heights which ought to be given to the levees, in order to insure the 

present protection of the whole alluvial valley of the Mississippi, are thus established. 

V J. Saving thus disposed of the first division of this analysis of the levee system, 
we are now to cousirler the agencies which may hereafter affect its prac- 
tical working- Three of a general character have been suggested. 
They are: First, the prolongation of the delta into the gulf, which 
must elevate the water surface near the mouth of the river; second, 
the increased cultivation of the valley, which may affect the discharge 
of the various tributaries, and. hence, that of the Mississippi itself; and, third, the in- 
ereased velocity of the current, which, by causing an excavation of the channel, may 
reduce the new high-water level. These agencies will be noticed in turn. 

The subject of the prolongation of the delta belongs properly hi the next chapter, 
where it will be fully treated. Here it is sufficient to state that its rate ^ } _ 
i\i progress is so slow as to render its effect upon the level of the water tion of the delta 
surface of the river inappreciable, unless very long periods of time are ^ eed , n ° t be 
considered. (See figure I, plate IX.) It may, therefore, be neglected in 
estimating the heights now to be given to the levees. 

The effects of cultivation are in a measure compensatory. 

On forest ground, the effect is to drain hikes, ponds, marshes, bogs, 
and meadows, which served as reservoirs; to render the surface smoother; 
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and thus to increase the rapidity of drainage ami the heights of freshets. On the 
contrary, the removal of the matted uuderexowth. and the softening of the earth, cause 
a greater quantity of rain to be absorbed; and the exposure of the surface to the sun 
increases evaporation. Snow, however, will be melted much more rapidly tu the spring. 
The removal of forests on mountains will tend to increase the amount of rain by 
creating heated upward currents. In a. prairie country, cultivation, by rendering the 
surface smoother and removing matted grass and roots, will increase the rapidity of 
drainage, and absorption, and also of evaporation, because the soil will be more exposed 
to the sun, and earth is a better conductor ol' heat than vegetable mutter is. The growth 
of trees which cultivation produces on prairies will tend to increase the amount of rain 
by increasing the inequalities of the face of the country and of the temperature in air. 

Thus in forest, mountain, and prairie countries cultivation brings into existence 
causes which tend some to increase and souk.' to decrease the Hoods. It appears to he 
probable that the former will be the more powerful, and that the effect of cultivation 
will therefore be to render the floods greater and the low waters bwer. 

As the progress of cultivation over the basins of the great tributaries of the Mis- 
sissippi, however, is not made at uniform rates, its relative effects on the Hoods of those 
tributaries will be unequal* and may tend either to increase or to decrease the Hoods, of 



* Tin- following tabic gives approximately the number of aeres of cultivated loud in tin.' Mississippi tjnaia, together 
with the approximate population, at iulcn.it- 0/ ten yenra, commenting with LHQO. This cultivated litttd lies east of 
the 9Slh meridian west from (ireenwieli, uitd the area of thai portion of the basin of the Mississippi whieh eoiiipn .• 
it is 700^000 sqaare miles, or 448,000,000 acres. The annual downfall within those limits varies from 2fi to lift inches, 
the mean being about Ut indies, 'I'lie larger portion of the increase of cultivation has taken place in the prairie 
regions. The dense forests on the most fertile pan of the southern portion of the basin render the opening of ctil- 
Uvation there, more difficifll and expensive, and its rale of progress consequently slower:— 

T<thlf showing tin population and number of acres of improved or culiivuied html in (In 

tyimmppi valley from 1800 to I860. 
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Tin- table was prepared in the lull, .win- manner; The population noil number nf «««■ of eallivaled land in all 
Hie States and Territories lying whollj witliin the Mbmssiivpl bo in ire« obt dm d rrom the eenans tallies of 1850. It 

was estimated that ooe-thiril nf IVun«y)vani:t, foiir-nftlis of Obt©, iliree-ei^liilm of Virginia, ""d oue-lniir llie Stales of 
Mississippi and Louisiana were inuluded withiu ihe basin. t9t«e proportioni ol' the poputattOn and eullivaled land of 
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Ilk- Mississippi, recording as the contributions are thus made more or less coincident. 
Very careful observations through the whole period of progress could alone furnish the 
means of detecting such changes, It cannot be said that any, until recently, have even 
been attempted, The laws deduced from the operations of this Survey have placed it 
in the power of any one to determine the influence of this disturbing agency in the 
future, by keeping eorreeUrecords of the oscillations of the river, year after year, and 
computing from them the mean annual and the Hood discharges through long continuous 
periods of time. (See Chapter II.) 

Lastly, the effect produced upon the bed by the increased velocity Effect of the in- 
due to the levees is to be considered, Several points require ex- Jj™^* r iver° C1 ? 
animation, 

1, Levees can, of course, exert no influence except during the period when the river 
is above the level of its natural banks. With a view to give a general 
idea as to the duration olt this period in different parts of the river, 
the following table has been prepared from the gauge-records in Appen- 
dix B:— 

Duration <>/ Mississippi hu/h loafer. 
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This table gives an exaggerated idea of the mean duration of the period during 
which the river is over its banks, since the records, excepting those of Donaldsonville 
and Carrollton, are mainly those of great Hood years. 

2. The effects of levees are compensatory, for, while they increase the MgMe of 
floods, they diminish their duration, as may be seen by examining plate The j nerease d 

XVIII. It is, then, possible that the system may not increase the velocity is par- 

1 •', " , , , . ,i tially balanced 

absolute excavating power exerted by the river upon its bed during tne by the shorter 
Rood period; since the increase of force may be balanced by the dhn'mu- duration of the 
lion in its period of operation. 



flood period. 



i!„., -in, - were tabulated with Ifce population ami cultivated land of those States and Territories lying wholly 
. . !§ .. llb :|l [„ ,),,, ilme manner tho population of tin- lia-uu was found for every ten years from 1800 to ISliO, 
i^t. lull . The iwmbei i>f ■ vet of bnpTOTad land in any Slate at any time was found nj multiplying ita pop u - 

( .' ihli ', rati it« population to the mimberaf lores of improrod land in L8o0. Although the 

,' i i ' , ', ,„ ,iu Lrarbtii \vl il ifl 1. 1 ■ • - be* t lull sua bfi had fflthonl l rtfy BtthneaM examination. which the use to 
i,„ ril;; . : . ; i„ tabic did not justify. It is Jttffieieiltlj accurate for the subject it is intended to illustrate. 



412 



REPORT ON THE MISSISSIPPI RIVER. 



3. The hard and permanent character of the hed of the river, already so often 

mentioned, demonstrates that none hut verv gradual chances can occur 
The bed is com- . . , . T .. . , _ , . . . T. " 

posed of too hard m "8 level, it, then, tlie flooo. velocity is increased by the levees sul- 

a material to be fjeiently to enable the river to enlarge its channel, this enlargement 
pi y a ' must he chiefly at the expense of the comparatively soft alluvial hanks. 

The width, not the depth, will be increased.* It may he added, that wherever sound- 
ings have been made by the Delta Survey, at different times on the same lines, no 
change of area attributable to a change of level of the bottom has ever been detected. 

4, The increase in velocity, which will result from the extension of the levees, is 
The absolute in- not B&noing, when compared with that which lias already occurred, 
crease of velo- This is shown by the following table, which is based upon computations 
city is slight. alieaay madfl ._ 
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From this table, it appears that the mean velocity when greatest will only be 
about six per cent, greater than at present. The duration of the increase will be 

very brief. 

These considerations lead h> the conclusion that, in const rue tint: the levees of the 
Arguments present day, no allowance should be made for any influence to be 

favoring the exerted by them upon the bed of the river. Before closing the sub- 

change of bed to ,j ect ' however, it may be well to notice certain arguments which suggest 
be now noticed, a different conclusion. 

The first is based upon an error of fact, which has been very generally propagated 
upon the authority uf a distinguished name, that of M. de I'rooy, This 
error is that the levees of the Po have raised the bed, and hence the 
surface, of that river to an alarming extent, The statements made by 
M. de Prony respecting the Po at Ferrara (plate XIX), upon informa- 
tion collected by him in a brief visit to Italy, have been shown to be 
entirely erroneous, by the Chevalier Lombardini, in his memoir)- upon the Changes in 
the Hydraulic Condition of the Po, published at Milan in 1852. An exact translation 

* To prove that the Mississippi hat mil Increased its width almw tin* construction of fovMa, Ur. Itayley, in a pub- 
lished letter addressed lo three mcuibciv uf the Senate of Louisiana, Man-li B, L058, ftddueex the nu'iiii widths of lakes 
St. John and Concordia, near Natchez, U measured bj Mr. William <_i. Waller (localities of measurements not 
slated), and compares llieui with ihe mean width of tin- Mississippi below lied river [2M3 feel), an measured by the 
Senate Committee in 1S50, Three lakes were formerly ehniniels of the river, but bad ceased to be such before tho 
discovery of Louisiana. Their widihs are ri-sjieclively 'H\M\ IV-«t am! :!:». r iil feel. The mean im 29-lft feet. The measure- 
ments or this Surrey show that the mean width between it,e 1{,.J and Arkansas rivers (fin division which formerly 
included these lakes) is now IUkO feet, li is lo be remark, d, however, thai DO inferences can he drawn from com- 
parisons of this kind, until inucli more elaborate measurements have been made than any new existing, 
| Dd Can<riaraenti cni BtiggnoqoB I'ldrnnlica Vmfy&oat del I'o, nel Territnrio di Ferrara. 
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of the language of this writer will he used wherever it can he conveniently quoted, 
lie ways, speaking of Cuvier: — 

•• In his celebrated discourse on the revolutions of the surface of the globe,* he 
expresses himself in the following manner: 'Everyone can see in Holland and in 
Italy, with what rapidity the Rhine, the Po, and the Arno, now that they are inclosed 
fay levees, elevate their beds ; to what extent their mouths advance into the sea, form- 
ing long promontories on the coasts; and can judge from these facts how few centuries 
it has required for these streams to deposit the low plains through which they How 
at the present time.' * * * * * * * 

"'My learned associate at the Institute, M. de Prony, Inspector-General of Roads 
and Bridge*, has communicated to me information exceedingly valuable as explaining 
the changes that have taken place in the shores of the Adriatic, f Having been com- 
missioned by the government to ascertain what remedies should be applied to prevent the 
devastations caused by the Hoods of the Po, he states that this river, since the construction 
of the dikes, has elevated its bed to such a degree that the surface of the river %a now higher 
than the jroofs <>f the houses in Ferrara, while, at the same time, its alluvion has ad- 
vanced into the sea with such rapidity that, on comparing the ancient charts with the 
present, it is found that the river has gained more than 0000 toises since 1604 ; 
which is equal to lot) or 180 feet, and in some places $00 feet (French measure), 
per year. Both &t& AiVuje and the lb are at this ihry higher than all the country which 
lie* l»/tire>» them ; and it is only by opening new beds tor them in the soil which they 
formerly deposited, that the disasters which are now threatened can be averted; 

" Most of the hooks which have been published on the other side of the mountains, 
on physical geography, geology, hydrography, and hydraulics, have repeated the same 
statements with regard to the Po ; and, when discussing projects for embanking rivers, 
have pointed to the solitary example of this river to warn others from following the 

same plan. 

Sf. # * * # * * • • * 

"In some of my works I have confirmed the observations of de Prony touching the 
advaneement of the alluvion of the Po into the sea, but at the same time have suc- 
ceeded in showing the errors of lus statements with regard to the rising of the lied of 
the Po, both in respect to its progress and its elevation compared with that of the 
adjacent countrv. Hut in his report, the Po and the Adige are represented to be in 
nearly tbe same condition, and the evil is asserted to be so far advanced as to leave no 
remedy but that of excavating new channels. 

••Tbe engineer Baumgarton, who was charged with the direction or the improve- 
ments of the river Rhine on the French frontier, passing through Milan in 1844, 
requested me to communieale to him some facts which should demonstrate the errors of 
de Prony. at least as far as they were stated by Cuvier. 1 sent them to hi in in a letter, 
which he published in conneclion with an extract from my writings on the rivers of 
Lombardy, in vol. XI 11 (184?) of the Annates des Ponts et Chaussoes of France. 
In that letter I promised to submit to him some other facts concerning the territory 



• Tarn, 1S30; pge 150. 

t In o Bete from 111'-' Kxlract fruin ttlfl lii-si-im-lies of M. de I'rony on the hydraulic system of Italy, 
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and city of For rani, which I have not been able to do, owing to the cures of my 
official duties, .Since then, there, having been forwarded to me a letter from M. Minard,* 
Inspector-General and Professor of Construction iii the School of the Corps of Pouts et 
Ghauaseeta of France, one whom i hold in high esteem, wherein 1 have been asked to 
furnish the information I had promised touching a subject which they wish to examine 
thoroughly, and upon which they entertain some differences of opinion, I have prepared 
myself, nut only by a collection of the tacts, hut by an examination of them, accom- 
panied by reasonings which were necessary in order to demonstrate the truth." 

WL liombardini then demonstrates, by reference to historical records and ancient 
ma [is. that the distance to the sea (plate XIX) from Stellata — the ancient point of 
bifurcation, III miles above Ferrara — by the present course of the river is miles 
shorter than it was in I 152. as stated in the reference to his works in that part of this 
chapter in which outlets are treated; and, consequently, that the surface of (he river at 
that point could not have been elevated since that day by the prolongation of the Po. 
Next, lie proves, by references to the foundations of Hood-gates, that the extreme low- 
Wftter .surface of the liver lias not changed sensibly in more than two centuries, and, 
consequently, that the bottom of the river has not been elevated during that, time, 
although local changes in the bottom have taken place. Then, by means of careful 
levelling*, he shows that the high-water mark of lS-'VJ (the greatest Hood known), if 
transferred by the measured slope, from Ponte LagOScUFO — on the bank of the Po, M 
miles east of Ferrara — !o Stellata, and thence to Ferrara by the old course of the river, 
will be? 3 feet below the surface of the ancient embankment of the Po, and 5 feet above 
the ancient natural hank. The palace in Ferrara is about 1000 feet distant from the 
edge of the natural bank, and the ground there is lower than on the river shure. Re- 
ferred to this locality, the llood of 1839 is 10 feet above the pavement, and 2.S feet 
lower than the actual high-water line at Ponte Lagoscuro. An hydrometer is erected 
near that locality, with the high-water marks of several years upon it. At Ponte 
Lagoscuro, the levees are nearly 80 feet high. Before the crevasse of Fiearolo, this 
locality formed part of a great swamp or lake, ami the lowest part of the ground back 
from the river is hut 2 feet above the low-water line of tin* river. The name Lagoscuro 
(dark lake) refers to its ancient condition. The range of the Po at this point is about 
28 feet; its mean depth at low water is 3 feet. 

M. Lombardini also establishes that the regular increase of height (8.8 feel) that 
has taken place in the floods during the last century and a half has been caused by 
the gradual perfection of the levee system, by which crevasses have been constantly 
diminished in number, the country has been more and more effectually protected 
against overflow, and the volume of the river in floods has been constantly increased. 
The prolongation of the Po, as ascertained by M. <le IVoiiy, was from A.l», 1200 to A.D, 
1 000 at the rate of 81.0 feet per year; from A.n, lliOl) to the present century, at the 
rate of 227 feet per year. Hut this is likewise shown by M. -Lombardini to he erroneous, 



* Klsewli.-n 1 M. i lhardiiii auj-a: "In the tetter ftt M. Mnmnl, lit* Kipeuk* i>r Uu- firat Jbor, "ltd »"' " r tho 

mil/a iif tin* hostel ia Fi'rnini. It would mam thai the exftgfentMon >' due ntfhiw to Ouvler, uuJ wm not to ta li.iiml 
in the text <<r ile 1'i'oriy, wiili which I mr anftcifiaiutod, imd ft which ttw former published ;i wEtarj fragment" 

Tin; ttemoir uf M, de I'rouy is nut to lie found in the Library of tin- British MuAwnn nor in It 1 '-' Biblkthfeqta 
l'niiH.'uiKu, Paris j jirolmhly it wiw avrvt pubikh&d, 
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mul to have arisen from the conclusion of M. do Prony that, in a century after the 
occurrence of the crevasse of Fioaroto, the Perrarese branch of the Po was entirely 
closed, and that the Grande was the sole channel. This really did not occur until 
A.i>. L600 instead of a,i>. 1800; and the rah: of progress from a.ii. 1600 to the present 
day is merely one-fifth greater than formerly, Tins increased rate of prolongation 
is attributed to the greater volume which now reaches the sea, owing to the improved 
condition of the levees, and to the greater quantity of earthy matter brought down from 
the mountain sides since the forests have been cut down. An additional cause has 
been also suggested, namely, that this denudation of the mountains has likewise sensibly 
changed the meteorological conditions of the basin of the Po, 

M. Lombardim" further shows that the bed of the Po is nowhere above the level of 
the adjacent country, although it passes through and adjacent to tow grounds, formerly 
swamps, and lakes which are now wholly or partially drained. 

The slope of the Adige in its lower trunk is three times greater than that of the 
Po. In prolonging itself through these swamps and lakes, its bed was formed in its 
Own deposit, just as the passes of the Mississippi are now formed in the deposit of that 
river. The bottom of these swamps and lakes is now dry ground, and is in 
some places lower than the deposit firmed upon it, iu which the bed of the Adige 
ties. 

It is hoped that these researches of M. Lombardinj will remove the apprehensions 
that may have been excited by M. de Prony respecting the injurious consequences of 
levees. 

I 'pun the Rhine the subject lias been less elaborately examined; but in ISoO the 
Observations upon the hydrometers at Ken Ian, .Emmerich, Doornenburg 
(near the first division of the river), and Arnheim, extending over a a«K^T 

period of eighty years, from 1772 to 18-19, were published under the 
authority of the government The tables and notes, or memoir, accompanying them 
were prepared for publication by M. I. (.!. W. Fijnje, hydraulic engineer, m the service of 
the government. These observations prove that there has been no change at the 
localities of the hydrometers in that period in the level either of (he Hood, or of the low 
water, or of the mean yearly stand of the river. 

The second argument in support of the theory that levees affect the bed of the 

river is advanced bv Professor Kmsliev in a memoir upon the Physics . , 

.,....,,.., ' i • , i - r Fallacy of the 

nl the Mississippi, published m lS'>d. It. is based upon a comparison ol ar g„ men t based 

the mean high waters at Carroll ton (transferred from Vidalia) during upon comparing 
periods of ten war- .arli, from 1817 to iS-ii'l. The resulting mean of the m 1 f r] ^ a er 
second decennial period being 4 inches lower than the mean of the first 
period, and that of the third 6 inches less than that of the first, Professur Forshey attrib- 
uted these results to (lie levees, which he states did not exist to any considerable extent 
above Vidalia previous to 1827. but were in full operation for a long distance above and 
below that point after 1 S:-J7. To show that this result was accidental, the following 
table of high waters at Carrolltoti (those previous to 1847 being deduced from the 

observations at Vidalia, used by IVolessnr Forshey), for every year from 1811 to I860, 
arranged iu series often years each, has been prepared: — 
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Comparison, qf (Ujjf&rent JUgh-wat&r marks at Carroll/on, 
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By comparing the means of the periods, we see that the greatest was that from 1840 
to 1850, or after the levees were LL in foil operation a long distance above and below 
Vidalia," and the least that from 1850 to 1860. But the decennial period from 1850 to 
1860 is remarkable ibr three years of very low water; the high water of 1855 being nearly 
25 per cent, lower than the lowest high water during the fifty years considered. This 
obviously exerts an undue influence on the mean result. Omitting that year, we find 
that the period of lowest high water is from 18.30 to 1840, he/ore the levees were "in 
full operation a long distance above and below Vidalin." 

Again, if the high waters are arranged in sets of ten years, beginning with 1815 
and extending to 1855, we have four complete decades. By this arrangement, the period 
of highest water is from 1845 to 1855, or after the levees were '"in full operation}" and 
the lowest high water is from 1825 to 1885, or before they were -'in full operation;" 
results indicating an effect precisely contrary to that attributed to the levees by Professor 
Forshey. 

The fact is, that to determine the question w bother levees elevate or depress the 
surface of the river by comparing the high waters of several years, it must first be ascer- 
tained thai the quantity of water pnmintf in each WOT KOS the stum. This quantity may 
be affected in two ways. First, the quantity passing down the whole river may be less. 
Second, local causes may depress the surface in one year, when the supply at the point 
of observation is the same. Such local causes are cut-offs, crevasses, and the varying 
condition of natural outlets and affluents below the point of observation. All varia- 
tions due to these sources must be eliminated before the (aide is in proper condition for 
use. 

Many of the high waters in the preceding table are largely affected by crevasses. 
The data for their correction exist, in some cases, but not in all. The corrections have 
not, therefore, been made, nor can any reliable conclusions be drawn from such obser- 
vations, until all errors have been eliminated, 

Moreover, it is a fundamental principle in observations of a scries of facts from 
which laws are to be deduced or mean final results obtained, to continue the observa- 
tions until the mean is not afleeted by any single observation, however largely differing 
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from the mean. Since the omission of 1855 changes materially the mean of the period 
from 1850 to I860, it is evident that periods of ten years are not sufficiently long to 
give a proper mean, even if all errors are eliminated and the high-water marks of 
equal discharges alone used. 

Another argument to prove that in Hoods the surface of the Mississippi does not 
rise any higher now than it did hefore levees were built, is based upon 
the statement that there are points where the natural banks have never arewment based 
been over! lowed, within the recollection of any one living. The natural upon the exist- 
bauk at Algiers lias been referred to as a well-known instance, and .will be 6n ^ e of . \ 1S \ 
taken as a type of these eases. It was visited by the parties of this Say- m the delta, 
vry in 1S58 — on one occasion on May 15th. At that date, earth had been 
shovelled up at the highest point, opposite the Belleville foundery, for the space of 100 
feet, to prevent over How. The ground along the river front in this vicinity had evi- 
dently been disturbed at different times. It is used for ship yards. According to the 
levelling of the Delta Survey, the ground, where apparently undisturbed, was 0.3 of a 
foot below the high water of IS 08. Tins shows the natural bank there to be nearly oil 
the level of the highest Hoods. But it is a sufficient answer to the conclusions that have 
been based upon that fact, to state that there never has been a Hood since levees were 
(milt, without the occurrence of a large number of crevasses below Red river, and, conse- 
quent lv, that the full volume of a flood has never yet passed New Orleans. These cre- 
vasses may reduce the surface of the river as low as, if not lower than, it would have 
been if the natural banks existed in their original, unleveed condition; for the mean 
level of the natural bank, where the levee system has been in operation for many years, 
must from constant caving be lower than it was originally. It may also be added that 
the enlargement, of the bayous Atchafalaya and I'laipiemme, since the construction of 
levees, is a well-established fact. Tins enlargement has contributed to depress the 

Hoods at' New Orleans. 

... t ,t 1 * at :„ The agencies 

These various considerations show that by none of the agencies emimerate( i are 

enumerated will the heights of the floods be affected to such a degree as practically un- 
to be of practical importance in estimating the dimensions to be given ^mathVSie 

to the levees of the present day. height of the 

levees. 

RECOMMENDATIONS. 

The preceding discussion of the different plana of protection has been so elaborate 
and the conclusions adopted have been so well established, that little An organ j ze ^ 
remains In be said under the head of recommendations. It lias been levee system 
demonstrated that no advantage can be derived either from diverting trib- JfJ Jj torero- 
utaries or constructing reservoirs, and that the plans of CUt-onS, and of teetion against 
new or enlarged outlets to the gulf, are too costly and too dangerous to floods in the 
be attempted. The plan of levees, 011 the contrary, which has always va 1 iiey. SiPP1 
recommended itself by its simplicity and its direct repayment of invest- 
ment,-, mav be relied upon for protecting all the alluvial bottom lands liable to inunda- 
tion below Cape Girardeau. The works, it. is true, will be extensive and costly, and 
will exact much more unity of action than has thus far been attained. The recent 
legislation of Mississippi in organizing a judicious State system of operations, however, 
shows that the necessity of more concert is beginning to be understood. When each 

S3 



418 REP GUT ON THE MISSISSIPPI RIYBB, 

of the otlier States adopts a similar plan, and all unite in a general system so litr as 
may be requisite fur tlie perfection of each part, the alluvial valley of the Mississippi 
may be protected against inundation. 

To secure this end in the most economical manner, the operations of this Survey 
Proner heie-hts indicate that levees should be constructed. Near the mouth of the Ohio, 
to be given to they should he made about 3 feet above the actual high-water level of 
the leveeB. 1858, which Iuls been selected as the plane of reference, because more 

unvarying than the surface of the ground. The height above this level should be 
gradually increased to about 7 feet at Osceola. Thence to Helena, the latter height 
should be maintained. Thence to Island 71, the height should be gradually increased 
to 10 ihet. Thence to the vicinity of Napoleon, it may be gradually reduced to 8 feet. 
Thence to Lake Providence, it must be gradually increased to II feet. Thfinoe to the 
mouth of the Yazoo, it may be gradually reduced to about 6 feet, and should be thus 
maintained to Red-river binding, Between that locality and Baton Rouge, it should be 
kept uniformly about i feet, and below Baton Houge alwut 3 feet. If the water-mark 
of 1858 be unknown at any locality, it inay be- reduced to any well-determined local 
mark by the table in Chapter 11. The above estimate is exclusive of settling, and 
allows about a foot for possible rise above the height necessary for restraining the 
flood of 1858. 

It should be remarked that these heights are based upon the supposition of ahuolute. 
security, so far as its conditions can he ascertained. In building the levees, it may 
be more economical to incur certain risks of inundation than to expend so large an 
amount at once in the construction of levees. Thus for the region above the mouth of 
the St. Francis river the Hood of 1858 far exceeded any other of which we have records, 
except that of 1815. The data presented and the principles so fully elaborated in this 
report will render it easy for the engineers in charge of the work of construction to 
decide what degree of protection it is economical to secure. It should be remarked, 
however, that below the upper limit of the influence of the Arkansas and White rivers, 
it will be unsafe to make any material reduction in the above heights of the levees, 
computed with reference to restraining the Hood of ls5S. 

It will be noticed that near Lake Providence the levees must lie constructed of 

enormous height to restrain the Hoods. It mav. therefore, l>o well to 
An outlet near * ., , .. ,, .. . , .■ 

Lake Provi- reduce them by constructing, near that town, an outlet leaning to 

dence may be bayou Tensas and Black river. Its capacity should not exceed 10(1,11(11) 
advisable. cubic feet |>er second, a volume which might be math' to pass off 

through the natural drains of the Tensas swamp without producing serious inundation. 
Those drains have always discharged a large amount of crevasse- water in the great 
(ItK)d years, and may be depended upon for sensibly relieving the river in that, vicinity. 
Abstracting 100,000 cubic feet per second at that point would reduce the river Hood 
three feet throughout that part of the region between Napoleon and Vicksburg which 
it is most difficult to protect, and would thus materially reduce the cost of the lewes 
and the danger of crevasses. Before undertaking the project, however, extensive 
borings should be made to ascertain the character of the substrata. Unless a solid 
bed of ehty should be found at a moderate depth, the outlet should not be under- 
taken, lest it might become too large for the safety of the region bordering upon bayou 
Tensas and Block river. Under any circumstances, it would be an injury, rather than 
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a benefit, to the country below Red-river landing (see discussion of flood of 1851), and 
in tin 1 event of coincident floods in the Mississippi and Red rivers, it would be disas- 
trous to the lower part of the Tensas and to the Black river country. 

With relerenee to the proper cross-section of the levees, and the mode of con- 
pfcruofcing them, it nmy be remarked that the dimensions adopted by the 
State of Mississippi appear to be excessive, except where the soil has and mode of 
but little cohesion and is very permeable. The area of the cross-section construction 
of these levees is from one-half to one-third greater than the area of 
cross-section of the dikes of Europe* in soil of the same consistency and permeability. 
(See plate XVIII.) Experience has proved the latter to be sufficiently strong. The 
dikes of Europe, in localities where the soil is loose and sandy, have about the same 
area of cross-section as the levees of the State of Mississippi. The additional cost result- 
ing from these .excessive dimensions becomes important when the height is great; and 
except where the soil is very porous and sandy, they may be reduced, and proportions 
adopted similar to the following, that is — the width at top equal to the height. — the 
outer slope 3 to I — &&& the inner slope 2 to 1. These dimensions being used, the cost 
will bo diminished about one-fourth. 

The mode of constructing the levees of the State of Mississippi (see Chapter II) is 
admirable. Many good hints upon this subject may also be found in a treatise upon 
leveest polished by Mr. W. llewsou in 1860. 

Although no precise estimate of the cost of perfecting the levee system can be 
made until exact surveys are extended throughout the entire alluvial Approximate es- 
region, an approximation will be attempted in order to show that the timate of the cost 

* The French dikes on the Rliiito in that part of its course lying between the Muck Forest and the Yosges moun- 
l j when* tin' height, is 7 foetj have it width of 10 feet, the slope toward the river being 2 to 1, and toward the 
I ( j | t tl , j_ win ti the height exceeds " feel, the wiril.li is increased by a banquette, on each aide. The area of 
' r „<- „himh af this dikft 1 fee' higk, ' s '■'"' squaw feet; the area of erosa-section of a levee of the State of Mississippi, 
of that height, » 252 kjbuw bet 

Tlic dikus of 'l'" 1 Rhlus in Holland, whan near the river bank and when used for the road, have a width of 20 feet 
on top when 16 tettt high, a slope of S to 1 on the river side and a slope Of 1.3 to 1 on ihe land side, The outer slope, 
when exposed w running ice, ■• protected l>v a revetemenl of brick of fascinea, When the dike is not near the river 
l, |lik . 1[M j ,. Ill(1 Q fl, l .: ;i read) Urn width la only <i.. F > feet, The area of &rOS8-BCCtiOH of the lirst dike is 900 square feel; 

, l( ,],,. leeoB i ,,)(( ■ (■■< | ; ,i levee of the State a! Mississippi, of the same height, would have an area of KOB*< 

section '.>f 1230 square feet. 

The dikes on ihfl Po lliM! "' " r ,I|r ' rldjge have similar dimensions) are 2.ES bet above Die highest flood mark; 
usually the width is equal to Uk height, mid the slope of the sides is 2 to 1. When the soil is permeable, they 
are wttuforcad at th« hWghi of the mean Boons ; 10 feet below the top of the dike) by a banquette, whose width Is 20 
reel when the height i» 20 feet or over. The am of eroaa-aeettan of this diko is I too square feet; a levee of the State 
ol \l launippi, of the same height, would have an area of cross-section of 1800 «pwa feet. Where the soil is very 
sandy and has hut htth oohaaiou. the d.k.'s of the IV wh.-u 20 t.H high and over, have a width at top of 2U feet, two 
banquette* of 20 feel width, au ottUkle sdope of :; to I nod nn inside slope of 2 to 1. The area of eross-seetion of this 
dike. 20 feel high, la 1840 squaie tot; a k>r« of the State of Mississippi, of the same height, would have, an area of 
, ., . . .,.,■!, r I -on iqttAn feet, The river roadfl an usually upon the leveo or the banquette. 

The average height of the dJJres oa the Vistula is 20 feet. The top of the dike is from 2 to 3 feet above the 

bicUeal ll I ; ,ljl ' tluikiiess at Wp is lii feet, or three-fourths of the height, and the slopes 3 to 1 and 2 to 1. The 

mi nf cross -'" ti "ii of -u li e dike ia 1800 6qU4« feet j a lovee of the Slate of Mississippi, of the same height, would 
i,.,,. . fioa at l- 1 " 1 squaw ( 

.|. til , y-^ :,,,;, on (ha Vistula iv 2S i',-et hi heitrhl. It has a width al top of Is feel, and an urea of cniss-seetion 
of "Kin Niiliari' f' ■ 1 ■ • State of Mississippi, of Hie same height, would have an area of cross-see lion of 

■jt,i>ii iquare ft ■ 

1 l k1 me0 ,; fonns of the crai sections of tiwe dikes are Bhown on plate Will. 

t Principles and Practice of Embanking Land Iron River Flooda as applied to Levees of the Mississippi, Now 
York, i860, 
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of a perfected expense of securing this country against inundation is not largo, in com- 
parison with thu interests to he protected ami the advantages to he 
gained by the execution of the work. 

The dimensions of cross-section just proposed for levees, and the rules of construc- 
tion adopted by the State of Mississippi, will he taken as the basis of this estimate. 
Experience has shown that 105 miles of this levee — including about 4,000,000 cubic 
yards of new embankment (after allowing one-sixth for settling). 500 acres of plough- 
ing and cleaving, and the salaries of the engineers — can be perfected in six months 
at a cost of 20.35 cents per cubic yard. (Report of State Engineer. June 18, 1860.) 
This accords with the reported prices in other States, and the sum of 20 rents per 
cubic yard will therefore he adopted. The high water of 1S5S will he assumed to be 
4 feet above the level of the natural hank from the Ohio to Red river, and 3.5 feet 
above it below the latter point. The height of the present levees, assumed bo he contin- 
uous, will be taken at 4.5 feet, except on the front of Yazoo bottom, where the new State 
levees will he supposed to he completed to the proposed height (about 10 feet). The 
cross-section of the present levees above lied river (except the Yazoo-bottom levees) 
will be assumed to be the same as that measured between Red river and Carroll ton 
(Chapter II), or 3S scpiare feet. 

It will first be supposed that no levees exist, and the cost of constructing them with 
the proper dimensions to secure the country against inundation will he computed. The 
cubical contents of the present levees under the conditions above assumed will then 
be given, What owjht to be their cubical contents with their present heights will next 
be presented. In each of these cases, the levees will be supposed to extend from the 
mouth of the Ohio to the head of Yazoo bottom on the right hank; thence to the mouth 
of Yazoo river on both banks; thence to Bed-river landing on the right bank, and in 
detached portions equivalent to half this distance on the left bank; thence to Baton 
Rouge on the right bank; thence to Fort St. Philip on both banks. To perfect the sys- 
tem of protection, levees must be extended up the swamp rivers, but the information 
necessary for the determination of their extent and cost has tiot been obtained. 
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Tills table shows that the additional sum which ought to have been expended upon 

the existing levee*, in order to give them a proper cross-section with their present height, 
is about two millions of dollars. Every engineer who has written upon the subject 
declares that the embankments are entirely too weak, and this opinion is fully sus- 
tained both by theory and by experience. Whenever the river rises 3 feet above the 
level of the natural bank, disastrous crevasses occur. 

The table further shows that the total cost of protecting the alluvial regft.ni against 
inundation, prct&ufed, //err were no Jerees in ex'tntenct:, would be about twenty-six millions 
of dollars, and that the GOSt of bringing the present levees from their assumed dimen- 
sions to this state of perfection would be about seventeen millions of dollars, It is 
probable that this sum does not largely exceed the amount which has actually been 
spent in abortive attempts to solve practically the great problem of protection against 

overllow. 

It may be well to exhibit, in connection witli this approximate estimate of the cost 

of leveeing the alluvial region, the extent and probable value of the 

lands which, thus protected from overllow. will be rendered available a Jy" e system. 

for cultivation. The area of those lands from Cape Girardeau to Red 

river is 19,450 .square miles. It may be assumed that one-half of this area will be 

rendered cultivable, ami as its value per acre may be set down at 25 dollars, tin- total 

will amount to 160,000,000 dollars. The area of the alluvial land under cultivation 

below the mouth of Red river is not less than 1,000,000 acres, which, at 100 dollars per 

acre (by no means an extravagant estimate), gives 100,000,000 dollars for the value of 

the plantations in that section, making a total value ©f 200,000,000 dollars for the hind 

that will be rendered perpetually cultivable by the expenditure of 17,000,000 of 

dollars. 

There is another aspect under which tins part of the subject may be presented. 
The number of acres thus protected is 7,000,000. Each acre of alluvial land will pro- 
duce one bale of cotton, worth, on the average. 45 dollars. We thus have, for the 
value of the annual product of the alluvial lands, 315,000,000 dollars. The loss in 
the Tensas bottom, from the Hood of 1850, furnishes an instance of the injuries result- 
in" from inundation. It was estimated that the loss thus occasioned exceeded live 
millions of dollars. 

In concluding these recommendations, it may he added that the importance of pre- 
serving aeeuxate registers of all the oscillations of the river, and espe- 

° ,, ,. ,- ,i ,i i Practical im- 

cially ui' securing careful records ol all iacts respecting the great Hoods, portM1M of a 

cannot he too strongly urged upon engineers charged with the construe- continued and 
(ion of these works. By the aid of the tables already given and the S^ervS™. 
principles laid down, such records, if sufficiently extensive, may be 
made to test I he correctness of the practical conclusions announced in this report 
respecting the levee system as applied to the alluvial region of the Mississippi. 



CHAPTER VII. 

DELTA OF THE MISSISSIPPI. 

Boundaries of the delta. — Its area and ehar&cter.— Outlet bayous. — Thrciensioiis mid discharge of bayou La Fourche 
— Its levees ami their increasing IVifrht. — This pbenomoitOD never yet explained. — True explanation. — Proper 
height tn Ue given to the levees. — Speculations nsto the original character of the millet bayous. — Characteristic* 
of nn original outlet illustrated by bayou Te.elic. — Two Bappositinns tu explain the present eharaeter or the outlet 
liayous.— Speeiilntive geolojjy of the delta. — Hills. — Moan ds, ancient ami modern.— Shell BjBHBtls and strata.— 
Prolongation of the month of the MwuesippL — The origins! mouth was probably near Phupicmine. — Aneient 
depth of the gulf in this vicinity.— Probable age of the delta.— Future advanee.— Chintzes which may have 
occurred in the condition of the Mississippi river. — Separation of branches may be effected by storms, by waves, 
and by drift.— Ancient geography of the delta.— Bayou Atchafalaya was never the prolongation, of Red river.— 
The Mississippi extends its delta along the deepest part of the great marine \ alley. 

According to the usual acceptation of the term, the delta of the Mississippi begins 
Definition and where jt first wnib oft' a branch to the sea. This point is the bead of 
boundaries of bayou Atchafalaya, which is therefore adopted as the northern limit of 
the delta. fclie delta, although it is not believed tltat the mouth of the river 

ever occupied that position. 

JinrxDAKIES AND A lit. A. 

This region is n tit n rally subdivided into four parts, 

1. The Atchafalaya basin, which, beginning at the month of bayou Teebe, follows 
the meandering* of that stream to a point southeast of the town of Opclonsas ; thence 
to the town of Opelousas ; thence in a northerly direction through Ville Platte and 
Chicotville to the dividing ridge between the source of bayous BfJBuf and Rapides; 
thence north to bayou Rapides; thence down that bayou to Hed river; thence down 
Red river to the southeast corner of T. 2 N., R. 2 E.; thence easterly to bayou de 
Gtai/.e. excluding the Avoyelles prairie; thence with bayou de Cllaize to northeast 
corner of T. 1 N., II, 6 E. ; thence to upper month of the Atchafalaya; thence with 
Old fiver to the .Mississippi river; thence with the nicanderings of that river to the 
upper mouth of bayou La Pourohe; thence down bayou La Eburche to the town of 
Tbibodeaux; thence to a point on bayou Black, west of the town of Houma; thence 
down that bayon to bayou Boeuf; thence down the Boeuf to the Atchafalaya ; thence 
up the Atchafalaya to the mouth of the Teebe, the initial point. 

2. The Terre IJoime district, which, beginning at the town of Tbibodeaux, follows 
down the bayou La Fourche to the gulf of Mexico; thence west wardly along the rousts 
of the gulf, bays, inlets, etc., to the mouth of buy on Petite Arise (a bayon emptying into 
Vermilion bay); thence in a northeasterly direction to the town of New Iberia on the 
Teche; thence down the Teche to its mouth; thence down the Atchafalaya to the 
(422) 
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mouth of bayou Bumf; thence up the Bceuf to bayou Mack ; thence up that bayou 
to a point east of the town of Ilouma; thence to the town of Thibodcaux, the initial 
point, 

3. The La Fourche district, which, beginning at the town of Donaldsouville, follows 
the meanderings of the Mississippi river to the gulf of Mexico; thence westwardly 
with the coast of the gulf to the lower mouth of bayou La Fourche; thence up that 
bayou to the town of Donaldsonville, the initial point. 

4. The lake Pontchartrain district, winch, beginning at the old mouth of the bayou 
M undine, follows that bayou to the Amite, river; thence down that river to lake 
Maurepas; thence with the southern coast of that lake to pass-Manchac light-house; 
thence along the southern coast of hike Pontchartrain to Fort Pike ; thence with the 
pass of the Rigolets to lake Borgne ; thence with the southern coast of that lake to the 
gulf of Mexico; thence with the coasts of the gulf, bays, inlets, etc., to 'the mouth of 
the Mississippi river; thence up that river to the old month of bayou Manchae, the 
initial point. 

The area of these subdivisions, measured with care on La Tour- Ita area aild 
rette'B State map of Louisiana, is as follows; — character, 

Atohaflriaya bu4n..,.; ..,...,.,..„.. , -J.tJlil 

Lh tViurdif ilis<ii i''!.., 2,W) 

Tnve Bonne distrust 2,930 

Luku I'onicliariraiu district , 2,340 

Total 12.31MI 

The soil of the first division lies above the level of the gulf. Of the three other 
divisions, about 4.000 square miles, or one-half the total area, is composed of sea marsh. 

The cross-sections on plate IV exhibit the characteristic slopes uf this region, the 
entire surface of which is below the level of the river Hoods, and composed of alluvial 
tir lluviatile matter. It contains several lakes, and is traversed by many bayous, three 
of which, the Atchafalnya, the Plamiemine. and the La Fourche, are connected with the 
Mississippi river. It is important for several reasons to ascertain the real nature of 
these bayous; and with this object, one, the La Fourche, will be selected for examina- 
tion in detail. 



OLTl.KT BAYOUS, 



Bayou La Fomvhc, the last of the outlets of the Mississippi, in many respects 
resembles an artificial canal. Its current does not exceed 3 feet per 
second. Its bends are lew in number and gentle in curvature. There character, 

are no boils, whirls, or eddies, nor are the banks abraded to any per- 
ceptible extent. 

I )'u,i< mkmund discharging capacity . — Its width between the natural banks averages 
about T-'j0 feet and undergoes but little variation. Thus, at Donaldson- 
villa, it is 2 10 feet; at Pain Court, 210 feet; at ThibodeauS, 230 feet; WldtlL 

and at Lick port, 240 feet. There are, however, a few narrow places above Lock port. 
The width at extreme low water is, at Donaldsonville, SO feet; at Pain Court, LH) feet; 
at Thibodcaux. 1IH feet: and at Loekport, 120 feet. 

At the head of tlie bayou, where the range is about 24 feet, the greatest depth in 
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Depth. extreme low water Is f> feet, the gulf being at the mean level. A great 

depression of the surface of the gulf may leave the bed dry or nearly so. 
The greatest depth fit extreme low water between Pain Court and Loekport, the gulf 
being lit its mean level, is from 8 to 10 feet. Below Loekport the depth ia greater. 
On the bar in the gulf the depth at mean tide is 7 feet. 

The levels of the Survey show that the natural bank is at Donaldsonville 23 feet, 

and at Loekport 8' feet, above the mean level of the gulf. That is, on 

the bayou in its natural .state, the slope to the upper half was nearly 

twice as great as in the lower ball', an instructive fact to which attention will be drawn 

hereafter. 

The area of cross-section with the water at the level of the natural banks also 
Area of cross- diminishes rapidly below the head of the bayou. Thus by the measure- 
section within laenta of the Survey made in 18ol, and repeated with the flame result 
uatural banks. ^ jgg^ { , )js an . a fe ^ j;) ima ij sf>nv ni e 3500 square feet, at Thibodeaux 

2000 squaw feet, ami at Loekport 2000 square feet. According to the measurements 
of Captain 0. W. Hughes, Topographical Engineers, made in 1842, this area in the 
lower part of the bayou, below the levees. Mas 2000 sipiare feet. These facts are also 
important, and their bearing will be discussed in connection with the levees. 

The maximum discbarge at the bead of the bayou is ll,o0<l cubic feet per second, 
the mean velocity being 3.0 feet per second. The mean annual dis- 
charge at the same place is about 2000 cubic feet per second, the mean 
velocity being about 1.0 foot per second. This subject for each of the three outlet 
bayous has already been fully treated in Chapter IV, under the head, " Interpolation of 
daily discharge at velocity stations"* 

So far as we have documentary evidence, these general dimensions of the bayou 
The earlier nave undergone no change during the present century. Thus in Major 

records show Stoddard's Louisiana, published in 1*12, it is stated: - 'I'lu l»<i of ibis 

formeri" had" 11 imtlet C** lmV W!ltur J * " f "'" f W) •'''''' '" ' l '" l ' h ' a,1 ' i MUfl % *7 in 
about its present the summer season for a few miles from its head, when the water makes 
dimensions. j ts uppearaneo." Darby, in his (leographieal Description of Louisiana, 

published in 1817, says: "The La Fourche, when leaving the Mississippi [at high 
water] la not marc Untn SO yards wide, and [the bottom! very little below the ordinary 
autumnal level of that stream. In some extraordinary seasons, the La Fourche has 
been dried at its efflux; it is fordable nearly every year in October and November." 
The measurements of this Survey show that no change, either in width ur depth, look 
place above Loekport between i So I and ISSS.f 

* For bayou Ptaqeetame Ifee maximum discharge is 35,000 enMc feel per second, the mean velocity being 5.0 to*t 
per second. Tlit mean unmml discharge I- 1 * about .Viihi cubic feel pur sucood, the corresponding raloeity In-ins i.. r > 

RlOl OCT second. 

Fur bayos Atohafalaya those bar quantities ate liin.nixi eahie feet, 5,0 feel, 90.000 cubic feel, and 5.0 feet 
retpod ivi'ly. 

f The roeantrcments apse bayeo Plnqnemino, al Its effiux from the Mississippi, made by t!m P<*lhi Survey in 181SI 
mid in.vj mm.' Ap[iiiiiii\ i; iimi pinto lit) show no changes in depth o( width, between i h*^.-«v dates. Those apeo the 
Andiiifiilaya m iis afflux (See plato 111) denote an increase of cross-wet ion lietwwn 1 1tiwe year*. The report* of the engi- 
neers of the Stale of LoaislntiSy detailing measurements made thereat different periods m ibe b»* 1 IWtty-ftTO years, 
iilnii indicate I lint tin' cdutiiuid is constantly increasing, Tin' Dteao annual velocity of tbn Atchiifiiluyn. it will be 

reiiiembiTiid, is 9.0 feet [nt loaoad; wbile ilmt of tin? Piaqnemint i-> but i,;. feet pet second, and tlmt of the l.u Fearche 

1.0 fmit rwr Bouond. 
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fa-vcc nysfem of bayou fat Jfourche. — Levees were commenced at an early day, nnd 
were extended rapidly down one-hair the length of the bayou. It is 
stated in the Abstract of Documents of the State and Treasury Depart- 
ments, 1802-05, that ''on both hanks of this creek there are settlements one plantation 
deep for near 1-3 leagues." In 1842 the levees terminated at or a short distance below 
Lockport, 56* miles below Donaldsuuville, and 54 miles from the gulf. In lSf>!J they 
nominally extended 27 miles below Lockport, although, it is stated, they were not more 
than 3 feet high, 12 miles below the town. 

The levees are of the same height on buth banks, and increase in elevation from 
Donaldson ville, where they are 3.5 ieet high, to Lockport, where they 
were 8 feet high in 1868. They may exceed 8 feet at some localities Jefght. n ° reaSing 
between those points. At the head of the bayou, the levees have not 
been raised, their height being determined by the sensibly constant level of the Mis- 
sissippi Hoods. On the bayou below, however, the high-water level has constantly risen, 
and the levees have been as constantly increased in height. Thus it is stated that, 
when the levees were first thrown up at Thihodeaux, in 1823, they were only a foot or 
two high. In December, 1851, they were 5 feet, and in January, L8B9, 7 feet in height 
at. this locality. A comparison of exact high-water marks at Lockport for the years 
1851, 1852. 1853, and L868j shows that the mark of IS-V2 was 0,3 of a foot above that 
of 1851 ; and the mark of 1853, 0.3 of a foot above that of 1852; and the mark of 1858, 
1,4 feet above that of 1853; making a total rise of 2.11 feet in seven years.* It becomes, 
then, an important practical problem to determine what additional height should be given 
to the levees, in order to enable the bayou to discharge, without over (lowing them, the 
maximum amount it receives from the Mississippi; and also to decide whether, if raised 
to that height, it will hereafter become necessary to raise them still higher. 

The explanation usually offered to account for the necessity of constantly raising 
the levees in the lower part of the hayou is understood to be as follows: Tj sna ] exD i ana . 
The levees of the La Fourche were commenced at the head, and were tion of this phe- 
rapidly continued down stream to a point about 50 miles above the nomenoiL 
mouth, beyond which they were not extended tin' a period of thirty years, and where 
to all useful purpose they now end. Where the levees terminated, the waters of the 
bayou overflowed the banks and raised them by deposit. The current in the bayou being 
diminished by this escape of water, a deposit was also made in its channel. This deposit 
contracted the water-way and increased the lateral overflow, and thus accelerated the 
elevation of the natural bank, which has been in this way raised materially since the 
levees were first built, (liy some this elevation has been estimated at 10 or 12 feet.) 
This has had the effect of backing up the bayou above, and thus of raising the Jlood level. 
To this explanation has been added the opinion that the turbid water of the Missis- 



• Mr. Morae, State Engineer of Louisiana, placed a permanent beach at Lockport, in 1852, with a view of neeu- 
rately detenu iiii up the relative hefgbta nf former and future floods. This lumch is a eust-iron bar, with « rectangular 
timid' i wide* thim the body.t measuring abort -1 by 8 inches, and having a projecting riroaldw on one side. It is 
|l i M .,., l ,,„ (|„- tan hunk -d the bayou, on the upper (noi-fhrrnj Bide Of the lock, distant 71 feet from the tear corner of 
the abutment of th« fr.mt i bayou) gate, and 62 feet from the front comer of the abutment at the back gate, Area 
„r uifdw dcacribed from thaw point* with these radii will int.-rs.Tt at the bench, which fa twried about a foot below 
tlic Karface of the ground The high-water murks <>i" lsr.2, 18d:i. and 1838 an i;.<;nj, 6,87. and 8.29 feet, nape&tiverv, 
above this bench. 
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aippi, llowiug in the bayou with teas velocity than in tin: river, is Unable to bold tin* 
.same quantity of matter in suspension, and accordingly nnist raise the bed of the bayou 

by deposit, even where the levees have been built.* 

Let us see whether these explanations are consistent with (lie facts 

They are erro- ascertained by measurements in different years, bv parties of the Delta 

Survey. 

The natural bank at Loekport is 8 feet above the mean level of the gulf. It is 

... stated on good authority at Loekport. that, in 1868, the crevasse-Water 

the levees have "I the iseil ami La Ilrauehe crevasses ran over the levees into the bayou 

not been mate- ;i t a point 12 miles below the town, where the levees were '.\ feet high, 
nally rat3ed. m , . ,. , . . r . ,, r ,. . , . 

I lie murk ol this crevasse-water at Loekport was IM leet above the 

mean yearly level of the gulf; L2 miles below Loekport, its level Could not haw ex- 
ceeded this elevation. Consequently, the levees there being 3 feet high, and the cre- 
vasse-water passing over them, the natural bank could not have exceeded an elevation 
of 4 feet above the gulf. A few miles lUrthcr down, it is probable that the natural 
banks are but little, if any, above the gulf. The conclusion that in the hist thirty or 
forty years the natural bank below the leveed part of the La Fourche has been mate- 
rially elevated above its original height cannot therefore be adopted. 

Neither can it be admit ted that the current of the bayou, at points where there are 
There has been "" l ftvees s ' s necessarily so much less than where there are levees, as to 
no deposit in the cause a deposit, and thus contract the channel-way. At ilood, the current 
of the bayou where leveed IS 3 feet per second; where not leveed, 2 leet 
per second. What proof have we that, where the first velocity exists, the bayou is 
either holding in suspension or pushing forward at the bottom a quantity of earthy 
matter which a velocity of 2 feet per second is insufficient to transport .V On the con- 
trary, the results of the investigation at Carroll ton, fully detailed in Chapter 11 and 
discussed in Chapter VI. justify the assumption that the velocity in the unleveed por- 
tion of the bayou at flood is quite equal to transporting all such material. This infer- 
ence becomes almost a certainty when the source is considered from which bayou La 
Fourche draws its supply. All the river-water that is to enter that bayou at Hood passes 
within 200 feet of the river bank, where its mean velocity docs not exceed, if it equals, 
2 feet per second. This water, after entering the bayou, moves with an increased velo- 
city of about 3 feet per second as long as the levees continue, and is only reduced to its 
original velocity of 2 feet per second \\\w\\ they cease. Neither the power of suspen- 
sion nor that of transportation is therefore decreased, and no deposit in any part of the 
channel can be made. 

Actual measurements lead to the same conclusion, Tims, so far as can be ascer- 



* It has also been suggested, at mi additional causa of the rising of 1 1n- lu^li water levei, that 'lit' bayou balow 
Lookport is choked op wiili rutts ami tow-li^uds. T)ii.*i* u question of I'm i winch nun In- saaily investigated, nHbmigb 
no* attempted by the Delta Survey. Lieutrasml Henry L. Smith, Corp* of KugfnrorB, who examined the obBtrnotiotui 
below Loekport iu ts.v:t. witti a view to iiuir pnaoval, states thai thej begin about . T > miles below Lookport, sad oon- 

list ul' ii great nuuibur ol' suugH, whidi project above Inw water, and For ilir iJi.-i:in I' l* miles iilmnnt. entirely |in ■- 

vent ill*- jiits.-ii iiv ul' -truiiili.iai, luring the low water of tin.' itnamei and avtnma. Sach obstructions mast, of coarse, 
retard the, flow uf tin- water, and to stum? alight extent ratac the Rood levtl I'm a United distance above them, but 
they are evidently iimdeiiuate in aid materially in produttinjt llio constant increase of iln* floods throngliout nearly tho 
wliulu buyou. 
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tained by a comparison of the soundings at [jookport in 1812 (Military Rceonnoisaance 
— Approaches to New Orleans, Captain €r. W. Hughes, Topographical Engineers, United 
.States Army) and tlio.se of t lie Delta Survey in 18-31 and 1S58, there is no reason to 
Conclude that any deposit lias been made in the bed of the bayou in that vicinity. There 
ia a difficulty in making an exact comparison of the more recent measurements with those 
of Captain Hughes, because he did not make a permanent bench-mark, or even record the 
relative level of the surface of the bayou and the natural bank. The levees terminated 
ai koekput in 1842; a:id it is probable, as the soundings were made in the spring, that 
the surface of the bayou was nearly even with the natural bank. If so, the bottom has 
certainly not been excavated since that date, although the levees have been considerably 
prolonged. The careful measurements made by the Delta Survey in 1851 and 1808 give 
more definite results. They show that although the area of cross-section of the bayou 
has been enlarged by the additions made to it in giving increased height to the levees, 
yet neither excavation nor deposit has been made, in the lied, which has remained 
nt the same absolute level. The following table exhibits the numerical results of the 
measurements. (For further details see Appendix C.) 
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A comparison of these independent measurements, by the aid of the last three 
columns of the table, will make it evident that they are all consistent with each other, 
and that the change in area is solely due to the change in Hood level. 

This table, while thus disproving the theory usually advanced to Real cause of 
account for the increased height of the Hoods, furnishes a clue to the floods. 
true solution of the problem. 

The table, and Captain Hughes' measurements already mentioned, show that the 
area of cross-section between Loekport and the gulf, before levees were jj atllra i dimiTiu- 
niade, did not exceed 2Q0Q square feet. The corresponding fall of the tion of cross-sec- 
uatural bank, and hence of the water surface, as already seen, was only 5j?Lf? ' fj, 
S feet. Applying equation (4d) to these numbers, wc find that the gulf is ap- 
discharge could not have exceeded 4000 cubic feet per second. Hut the P roac l ied ' 
quantity which entered the bayou from the Mississippi could not have differed mate- 
rially from what it is at present (11,500 cubic feet per second); an inference confirmed 
by applying the formal* to the known CroSJHteCtion and slope. Bonce, between 7UIM) 

and 8000 cubic feet per second, or about two-thirds of the total Hood rolums received 
from the Mississippi, must formerly have escaped, above Loekport, over the natural 
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banks. This would only require a lateral overflow 2 inches deep moving with a velo- 
city of 1 inch per second, numbers by n<> means improbable. 

It is now evident how the hanks of the La Fourche can lie protected against over- 
flow. Its channel must he enlarged so that the water which formerly 
neveryet B been e C8CEl P e d over tne natural hanks may be carried by the bayon to the 
made high gnlf. At Lockport, and points below, a discharge lhlly three times as 

rect'lVthk 1 " S reat ils !, <- jforc ^v^ea were built must he provided for. At that point 
natural defl- and for many miles above, the levees have never yet been raised suf- 
ciency of cross- fieiciitly high to give a cross-secliun competent to discharge all the 
water that enters the bayou in a flood. The embankments are very 
narrow, scarcely wide enough for a foot-path at top. When the water rises to within a 
few inches of the top, they give way; and so diminutive is the discharge of the bayou 
that a crevasse of small dimensions will lower the surface 2 or 3 feet. In the next 
season the levees are raised a little. The high water of the following year rises suf- 
ficiently again to break them and thus relieve the overcharged channel. Again they 
are raised still higher, and again they are broken; and this operation must continue 
until the dimensions of cross-section throughout the bayon are sufficient to carry off the 
water which enters from the Mississippi. If the levees had been built at first of such 
a height as to make the capacity of discharge throughout the bayou equal to that at 
the head, these annual crevasses and overflows and annually rising high-water level 
won hi never have occurred.* 

There is a second general cause which has contributed to increase the heights of the 

floods of this bayou, namely, tbe yearly extension of the levees. At 

tension °f the" ^ ie P°" l( w ' lery l<-' vees terminate, the natural banks are overflowed, and 

levees has in- the effect of this lateral discharge, in lowering the surface in the bayou 

creased the above, is evidently similar to that of a great crevasse. It is not neecs- 

difficulty. , ■ * . , . . 

sary to determine tlie exact distance on the La hmrehe to wlucn tins 

effect extends, but it is certainly as great as 20 or :i0 miles. Between the crevasse and 
that point, the depression is nearly inversely proportional to the distance from the cre- 
vasse. The future extension of levees below Lockport must therefore constantly tend 
to elevate the surface of the bayou thereuntil after they have been perfected to a point 
some thirty miles below tbe town. 

The practical conclusions to be drawn from the [iiveeiting discussion are the follow- 
ing: The discharging capacity of the bayou throughout must he made 

Proper dimea- j to t | mt at \ ts \ [QM i X/his Jmia t be accomplished by artificially 

sions to be i ... 

given to the enlarging tbe cross-section; for the experience of from seven to sixteen 

levees. years at, Lockport indicates that the waters of the bayou, even when 

retained by levees from I) to S leet high, do not appreciably excavate the bed. 

The cross-section may be enlarged either by raising the levees or by excavating the 

* Tim facts collected respi otfng the Rood <>f L6SS illusirab' Ihia action perfectly. Tlm.t, on April LI, (lie river at 
DiHiiiltlBonvitle wus 2 fe.et Mow the high-water tauti of L8S1, Oil tin same daj, .it Lai knott, the I<» t'oarche wa»2 
feet above the high-wutor mark of lH. r i1, ami within (5 [natal of the top or ttic levee*.. Tim occurrence of ft crevasse, 
a mile above Lockport, which remained Open mail the autumn, out "uly [iivvi'tilf'i] tin* wuler from rising higher, bul 
depressed it to audi ait extent that, al the time of high water ut Donaldeonvilk vhi.-li was LI feet above its Stead on 

April U, tbe bayou al LocVpOTt stood ;t lent below the murk of tliaL dote. Tl ■ '■ " wlu '" hirgesi bad a width 

nt' only about 300 feet, but it abraded the bank so that its bottom was !l feet below the top of the levee. 
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channel. The first is the readier mid more economical mode. If the levees at Lock- 
port are raised so as to permit the .surface of the bayou to rise 2 feet above the high 
water of 1858, the area of cross-section there will be 4000 square feet, the same as at 
the head of the bayou; and the fall between the two places (7.9 feet) will be sufficient 
to carry oil" the greatest quantity of water that — with the present height of the Missis- 
sippi floods — can enter the bayou, provided that the area of cross-section between the 
two places is not less than 4000 square feet. If it be found by survey that the area of 
cross-BcefcioD will be anywhere less than 401 10 square feet (as it may be at certain nar- 
row places), the channel must be enlarged to that size. Above Lock port, a proportional 
increase of height must be given to the levees as far as Thibodeaux (and perhaps some- 
what above that town), so that the total height of the levees between those places shall 
gradually decrease from 10.5 to S.O feet. As far as the levees are extended below 
Luck port, they must be about 10.5 feet high, in order to insure a cross-section of 4000 
square feet. 

The extraordinary diminution of the area of cross-section and of the slope in the lower 
part of the course, the chief cause of the difficulty in restraining the floods of the La 
Fimrehe, is not peculiar to that bayou, It is a characteristic feature of the three outlet 
bayou* of the Mississippi, Thus on the Atchafalaya, the fall in the first half of its 
length is two-thirds of the whole fall to the gulf. On the Plaquemine, the same propor- 
tion of the total fall is consumed in the first 8 miles; below that point, its banks are not 
cultivated. Difficulties, similar to those that have arisen on the La Fourehe, will there- 
fore be certain to occur on these two bayous when their levees are sufficiently extended. 

Speculations as to the original <]«< raater of the three outlet hiijous. — An important de- 
duction from the observed facts on bayous Atchafalaya, Plaquemine, and 
La Fonrche is that either tin < tj are not delta streamy tcho&6 beds are formed b a y oug are no t 
in their men rle]x#it*, or the dogma heretofore received by hydraulic en- original mouths 
gineeis, that in delta rivers the slope must be inversely as the quantity 
discharged, is erroneous; lor, as already fully explained, the fall in the upper half of the 
La Fonrche is twice as great as in tlte lower half, while the discharges are as three to one, 
and similar conditions exist on the other two bayous, In Chapter II, where the geologi- 
cal age of the hard clay which composes the beds of the Atchafalaya and Plaquemine 
is investigated, the opinion is expressed that it is not an alluvial deposit, and hence that 
these bayous are not original outlets, but merely drains that have been connected with 
the Mississippi by the erosion of the river hanks. The clay bed of the La Fonrche has 
a similar tenacity, although it may not he of the same geological age. It will be pres- 
ently shown that this bayutt was probably a marsh drain, changed to a Mississippi outlet 
by the erosion of the river banks. It was perhaps the first so connected, the Atchafalaya 
the second, and the Plaquemine the last, and in comparatively recent times. The facts 
which demonstrate this io respect to the Plaquemine are made known by Mr. Hay ley in 
a pamphlet upon the closure of that bayou, published in Baton Rouge, 1^58* In reality 



* " lint f< ■«', very brief", and Basattsnuettfrj' iiUusim:* are In fee found in tlie early histories el Louisiana relative to 
bavou I'Wiiii'iiim''. Cjpon MOW of the Mrly maps il is shown by a mere lines upon others it is uot at all represented. 

Tie nttcra of Iiraud river, a) ibis point, appr -h within H or 10 milca of the Mississippi; ;tnd at low water the ebb 

ami llmv uf tin 1 tides was quite [wrceptfble, before the various channels eonneetinj: wit! tiraud lake wma c.hokeil op 
with raft and detritus. If i» probable that one el' the numerous ovwtlow codes, which existed in every bend before 
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the only parts of the Mississippi that arc true uVltu. streams ara the passes. Their beds 
are fiirmeil in the deposit (nut homogeneous howovur) made by the river-water in the 
gulf"; those of the greatest length discharge the largest volumes; the slopes ure in the 
inverse order of the volumes. 

The bayou Teche, which forms a portion of the south west border of the delta, pro- 
Characteristics 8tmt:s Etna's directly the opposite of the Atehafalaya, Phupiemine, and 
of an original La Fourehe, and may be taken as a type of another class of bayous, 
ou e ' Ibose that hurv been gradually separated from the main stream. As 

now existing, the Teche may lie described us a small stream that rises in the gray soil 
of the pine hinds west of Washington. It* length from that town to its mouth in 



the construction of levees, connected— whether directly or indirectly does not appear— the Mississippi river with this 
eastern bend of (frond rmr; and such enule,. however much obstructed by growing oypreai-lroeB i» ite channel, would 
lie used, us affording the nearest approach to the Mississippi, by the small keel-boats used ia the interior navigation of 

Louisiana a century ago. Such use would associate it with the route to the early Attakapas settlements, and lead to 
itsnieotit.il in such connection by the early historians. 1'u Prata. in his history of Louisiana | IT'iT], does so men- 
lion it; and after describing the Iberville (or Manehac) and the la Fourehe, expressly says that the Phnpu-mino is 
bnt 'a bayou,' and unworthy (lie name of • riviire.' The 'river Iberville ' is described by Pittman, in 177a, us being 
bat BO feet, wide, mid ' obstructed by wood' iraft) for 6 miles from its head. 

"'Die old bed of the Mnachae, for several miles from tho Mississippi, averages less than ."ill fool wide now, as stated 
in tho Report of the State Engineer to the legislature in IS.*i*i, in answer to a proposition to reopen the Manehue in 
that year, 

"How insignificant, then, must have been the riaijuemine if, us compared with a 'river' but 80 feet wide, it was 
particularly noticed as being but 'a Uay<»t' mid unworthy the name of 'rivifr* .' 

"If the Plaquemiue — however insiguiltcant according to I >u I'ratz. who did not place it on his maps— really had, 
even at hiirh water, any connection with the Mississippi river, then, like the Iberville, it tints! have been lilled 1tpwi1.lt 
1 wood,' or raft, and not navigable /Vow the river. A ' portage' must necessarily have existed between the Mississippi 
aad the l'Iai|iiemine, or more probably the bayou Jacob, as is uniformly gaid to have been the ease, by all the aged 
inhabitants of Iberville and Aliakupas, as testified i" ror) recently by Judge Baker, of St. Mary, formerly a Member 
of the old Hoard of Public Works, and for forty-five years n resident uf Attakapaa, 

■' Judge Baker at the same time assured us that both the Phupiemine and .laeob were but. overflowed conies, and 
entirely covered by a forest of eyprcss-irees, which trees mere CUl down, and the slumps recul down several times (as 
the bottom was washed away from around ilieir slumps), by the inhabitants and Navigation t'ompatiy of AlUkapus. 

"Captain Mayo ias he himself informed me), under the orders of the eld Hoard of Public Works, with the State 
hands, superintended the cutting down of said Stumps in more than one instance. Cypress-trees could nol grow in Ihe 
bed of an urijrinal 'pass' of the Mississippi river. 

"According to measurements made by the .Senate Committee 00 levees, in the year ISaU (Doc. No. 2), the width 
of the l'liii|iiemi!ie, Him) feet below its head, was 'M)i fed j while the a.t>«TQQ6 width in 1857, Recording to a scries of 

iisiiiiuttents by the Commissioner of Ihe Seeond Swamp Laud District, was -inn feet, With an occusioaal width of 

42U to 4;l<) feet; thus showing an increase iu seven years, with only one very high water (that of 1851) since, of warh/ 
utwhtMtlf-t! andjlftyfett. According to the United States Lund-oHicc ro&ps before referred to, this width in 1,842 
was about; l".*i feet, possibly 200 feet in places, while in lS21>, by same maps, it was from 50 to 7;"> feet wide, as nearly 
as the same can be ascertained by the scale upon which said maps are projected. 

"The cutting of a road through the rambrakes and forest, and the digging or a small ditch or canal therein 
leading from the Mississippi into either the head of the Phujucmine or Jacob, as alleged to hav* been dune in the 
year 177b, * * * by Joseph Sorrell. appears to be well substantiated; and indeed it is rendered probable 
by whiil imisi have been the <iniiiii-i;iin''- i>f the case. Judge Joshua Batter recently corroborated what has been 
stated by .lohn U, Marsh with regard thereto," 

In the list of maps given in Appendix I' of Mr. It. Thomassv's Geologic Praiiipie de la Louisiane, mention is made 
of 11 map of the Mississippi from the Survey of la Sieur Itiron, in 1711). in which the Plaipieinine is called " river," ami 
the La Fourehe "the little river of the Cheliinakas.'' Also of one prepared by the Chevalier de Noyau [Lieutenant. 
French Navy), iu 1769, on which the Phninemine as well us the La Fmirche Is styled ■•river." The Ateliafalayu is 
called "bayou." The Mumdiue was always tallied "river," Another mentioned in the list is a map of Florida and 
Louisiana, published in 1778. by order of tie- French Minister of the Navy Department, M. de Sartine. on which 
the .■Uchafalayn is for Die Brat time called "river" not - kjchafalaya tivwr,' but "VejrmSioa river." The principal 
branch of the Atehnfakiya is now called (Jratid river, in accordance with Die BOJppofiod meaning of its Indian name, 
''Atchafalaya," Great-water— though others have translated it Lust-mitrr, 
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Grand lake is 140 miles. A mile ami a half below Washington, the bayou Courta- 
blcau, upon which that town is situated, sends off the bayou Carron. 100 feet wide, to 
the Teehe. Six miles below it sends off Little bayou, 16 or 20 feet wide, which like- 
wise joins the Teehe, The banks of these bayous are composed of the red alluvial soil 
characteristic- of Bed river, and the banks of the Teehe, from the junction of these 
bayous to its mouth in Grand lake, consist of the same soil. 

The present bayou is evidently flowing through a partially deserted channel, having 
doable banks throughout the greater part of its course, the shelf between the two being 
flat, or gently rising. A cross-section of the higher bank presents the characteristic fea- 
ture of alluvial formation, a slope from the stream. Above St. Martinsville the sides of 
the ancient channel-way are often covered with a growth of large trees, such as do not 
flourish in wet soil. Below St. Martinsville the same J'act is noticeable at one or two 
points. Twenty miles below Washington the cross-section of the remains of the old 
channel has a width between banks of 300 feet, and a greatest depth of 25 feet. At 
St. Martinsville, 35 miles farther, it has a width not less than 500 feet, and an extreme 
depth of at least 30 leet. Front that town to the motitlu a distance of 85 miles, the 
width between the old banks gradually increases from o'llb to 1000 or 1200 feet, the 
corresponding depth being not less than 15 leet. The dimensions of the channel 
occupied by the present Hood discbarge of the Tecbe are much smaller. At the mouth 
the width of water-way is usually about 500 feet. At St. Martinsville the high-water 
width scarcely equals 300 leet, and 35 miles above that town, scarcely 200 feet. 

The slope of the old bank of the Tecbe, from its elliux from the Courtableau to its 
mouth in Grand lake, is 0.3 of a loot per mile and nearly uniform throughout. 

Thus it is perceived that the Teche must at one time have discharged a much 
larger volume than now; and, as indicated in another part of this chapter, it was 
probably a principal branch, if not the main stem, of the Red river. Thus viewed, the 
characteristic lea lures of such bayous are a gradually increasing area of cross-section, 
from the point of total or partial separation to the mouth} an inability to occupy this 
cross-section fully at any point; and the consequent growth, upon the unoccupied part, 
of huge trees, such as thrive only in soil not periodically covered with water. These 
conditions, directly the reverse of those existing in the outlet bayous of the Mississippi, 
strengthen the opinion that the latter are not the remains of original branches or 
" passes" ui' that river. 

Assuming, then, that the three outlet bayous are not original outlets of the Missis- 
sippi, and that on an original outlet the slope of the natural bank, like that of the 
river, must lie nearly uniform from the head to the gulf, let us endeavor to understand 
how bayou La Fourche (taken as a type) acquired its present peculiarity with respect 
p) slope, etc. Various suppositions are plausible. 

Thus let it be assumed that when the river bank at Donaldson vi lie had an eleva- 
tion of 10 feet above the gull' (which would make the fall of the upper Fim 3Uppo3 i t i on 
half of the bayou equal to that of the natural bank as it now exists), to explain the 
the La Fourche was an outlet of about its present Length. Next let it jactorof 'the 
be supposed that, bv the lodging of drift and accumulation of mini, the three outlet 
bayou was cut off from the river, and only reconnected with it at a ba y° U8 ' 
comparatively recent period by the erosion of the Mississippi bank. The new alluvial 
bank, which would be formed along tin- La Fourche, would first be made near the head. 
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because the water would chiefly escape there; but it would gradually extend to the 
gulf. Thus the slope of the bank, greater at first near the head than midway, would 
by degrees become nearly uniform, a condition which it had not attained when the 
levees were built at Lockport. 

Another supposition, which is consistent with all the known facts, appears to be 
still more probable. It is, that the La Fourche was originally one of 

C A 

supposition. niany bayous that ran through the sea-marsh, like those west of the 

Atcbafaluya, and between the La Fourche and the Mississippi, connect- 
ing the various lakes and bays. These bayous are generally deep, but when within the 
boundary of river deposit are shoaled. In this manner, the upper portion of the La 
Fourche may have been tilled in by the Mississippi overt lows. A connection with the 
river may have been made by tlie caving of the banks. The alluvial soil would be cut 
through down to the clay bed. The bayou would become a delta-making stream and 
gradually extend its banks toward the gulf. At first the banks would extend only a 
few miles, and the slope would be rapid; but each year, as they were protruded, the 
slope would become less; and, finally, a uniform slope to the gulf would result. When 
the banks were occupied and levees were built, that condition was nut attained. It is 
not improbable that the Torre Bonne and Black, also, were originally salt-marsh bayous, 
which, partly filled in by Mississippi water from the La Foiuvhe, wen- next con- 
verted into delta streams by the hitter, and finally separated from it by tin 1 lodging of 
drift and consequent accumulation of deposit. Strips of high ground, which were un- 
doubtedly the banks of small outlets from the La Fourche, project into the marsh or 
prairie on either side of that bayou, at intervals in its course. 

It would give probability to this supposition if it could be shown that the delta 
Probable con- Dank of the La Fourche does not extend to the gulf. There are 
flrmation of this reasonable grounds tor this conclusion. The facts mentioned in coti- 
supposition. uection with the Bell and La Branche ercvasse-water In 1858 indicate 

that the natural bank of the La Fourche at a point \"2 mites l>eliiw Lockport Is 4 feet 
above the gulf, and thus show that its rate of fall is the same below as above Lock- 
port. This affords reason to conclude that the same rate of fall continues throughout 
the remaining part of the bayou that possesses a delta bank, — which would bring the 
natural bank to the level of the gulf about midway between Lockport and the gulf. 

These Suppositions are introduced to show that there is no difficulty in explaining 
_ forenter- l ' m P ri,(,eilt condition of these three bayous, without regarding them as 

ing upon these original outlets or mouths of the main river, ami hence that thfiy do 
speculations. 1|u( necessarily prove that the mouth of the .Mississippi was ever 

situated in the vicinity of their present eflluxes. In other words, they do not in the 
least determine the extent of the advance of the mouth of the Mississippi into the 
gulf. 

GEOLOGY OF THE DELTA. 

The facts that the alluvial soil throughout the greater part of this region is only a 

lew feet in thiekuess, and that it is underlain by strata belonging to a 

iivTiltVis- geological epoch antecedent to the present, have been s<» fully discussed 

cusBion. in Chapter 11 that they require no further notice here. They com- 
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prise the moat important parts of the practical geology of the delta. There are, how- 
ever, other facts and certain speculations respecting the changes that have occurred 
and are now occurring in this region, which are interesting, and will therefore he 
given. 

IIUU t mounds, etc. — A description of the hills of Belle Isle, Cote Blanche, Grande 
Cote, and Petite Anse, which rise from the sea-marsh south of the 
bayou Tec he (plate II) will be found in Mr. R. Thomassy's Practical 
Geology of Louisiana. lie ascribes their origin to volcanic action, and classes with 
them a great mud lump, 25 feet high, near the mouth of the Southwest pass. 

Darby, in his Geographical Description of the State of Louisiana, says that he 
discovered in the lowest and dreariest part of a cypress swamp in the 
Atchafalaya basin, between the Cour tableau and the Teche, six or or j^ m °' m B 
seven mounds, the tops of which were 7 or 8 feet above the marks 
of highest overflow Quid probably more than 20 feet above the gulf] : that their soil 
was not alluvial; and bore trees and vegetation entirely different from those in the 
swamp; and such as never grow on lands subjected to inundation; that there was no 
spot within several miles of the mounds where an Indian village could have existed. 
Mounds of a similar character are found iti the same region north of the Cuurtableau. 
The plausibility of the supposition that these mounds may be the last hill-tops of the 
older formation, not yet covered by alluvion, cannot be tested by Darby's account of 
them, which contains no other details than those just given. The Toltecs, it is stated, 
were the mound builders, and arrived in Mexico from the north in the seventh century 
of the Christian era; though it is considered by other archaeologists that that race 
migrated northward, According to Sturier, mounds are not found on the last terrace of 
the Ohio, but exist on all the three older terraces. 

The character of the mounds above the mouth of Red river has Mounds above 
been sufficiently explained in Chapter I, in treating of the St. Francis Sed nTer * 
and Yazoo swamps. 

Upon the high and gently undulating banks of bayou Grosse Tete, there are ten or 
twelve earthen mounds, evidently artificial works and of comparatively 
modern date. They are mostly in groups of two or three, and, accord- ^^"delta 111 8 
ing to vague Indian traditions, were built to commemorate treaties of 
peace entered into by different tribes, — each tribe being represented by a mound. 
The largest of these piles of earth is at the mouth of bayou Fordoche. It is described 
as being e| a conical shape, rising to a height of some 25 feet. Traces of the hollow 
from which the earth was taken may still be seen. 

Two of the mounds upon the bay mi Grosse Tete were visited by a party of tills 
Survey. They were situated about 800 feet apart, near Mr. Envufs house, on the north 
bank of the bayou, about 2 miles above Eosedale. Both were of the same dimensions, 
having the form of a square truncated pyramid 12 Feet in height, the slope of the sides 
being about 2.5 ttpon 1. and the length of each side, on the top, being about 50 feet. 
The western mmmd had a rarap on its eastern .side, with a slope of about S.6 upon 1. 
Both mounds were composed of the alluvial soil which surrounds them, and traces of 
the hollows from which the earth had been taken were plainly visible. 

Great numbers of mounds, composed entirely of ytntt/tudon shells, are found along 
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Shell mounds the bayous in the delta of the Mississippi, near the gulf shore. It is 

the gS ta Dear 9tatad in Nutt atlLl GIill<lu »'« Types of Mankind that along Mobile river 
and bay, the shellfish unio and ptduiwa exist where the wider is per- 
fectly fresh; and that the gnufhwhm flourishes in brackish water sdone; that the 
t/nathodon is now rarely if ever found above Choctaw point. I mile below Mobile, 
although immense beds of its shells exist fur 50 miles above that point as well as 
along the gulf coast; that sane of these beds contain marks of lire, flsh-bcffl.es, and frag- 
ments of Indian pottery and of human bones; that other beds are covered ^ feet thick 
with vegetable mould, on which the largest forest trees are growing; that the gnatftodon 
was once a living species in the Chesapeake bay, hut is now only found there in a fossil 
state. Major Kanncy and others state that the gnaihodon exists in targe quantities in 
lake Pontchartram; it is also stated that it exists in lake Palourde hut not in Grand 
lake. A thin bed of its shells is observable in the banks of the Teche a few mites from 
the mouth, at about the level of the gulf. 

Pi'ithiiijiftihu of the month* of the Misaimppi. — From the fact that a wide strip of 

alluvial land borders the Mississippi river from the gulf of Mexico to 
The mouth of ., ,. ,. .. ,,. . ., , , ., ,, , 

the Mississippi the moulli or the UniO, some writers liave Supposed that an arm ot the 

was never near gulf once extended to that vicinity, and that the Mississippi river, 
a e entering near the head of this sound, has gradually filled it by the depo- 

sition of sedimentary matter. 

These hypotheses are untenable; for were they correct, the alluvial deposit near 
Cairo would be not less than 300 feet thick; whereas the investigations of this Survey 
prove it to be hut 20 or 25 feet thick on the river bank along the St. Francis swamp, 
about 35 feet thick along the Yazoo swamp, and of a thickness not varying materially 
from the latter as far down as Baton Rouge. The borings of the artesian well at New 
Orleans show that it does not there extend farther down than 40 feet below the level of 
the gulf. The tough clay bar that projects obliquely across the efflux of the Atchal'abiya 
from Old river is 85 teet below the bank, and about Lfi feet above ihe level of the gulf. 
An artesian boring upon General Welles' plantation in the Atehafalaya basin, 10 or 15 
miles south of Alexandria, shows that the alluvial soil there is .'»U feet thick, the sur- 
face of the older formation being about 50 feet above the gulf. 

Neither could this long line of .swamps have been a chain of lakes; since in the 
Yazoo, for example, this would require the alluvial soil at the head of the swamp to be 
about 100 feet thick, which is contrary to the fact.* 

* Probably they were originally gwamp*, Overflowed in a munh greater depth, l>ni to a lens width, than uf present, 
which huve been !rrn<hially raised by the deposits of the minimi oterflon ; the alluvia! toil, like that of the Nile above 
its delta, extending each year farther from Iha rf«r. This elevation of the Imnks is not necessarily connected with, 
or partly in consequence, of, the prolongation of the DlvWth of the nver in the gull', although in the lover pari, nf the 
river's course, as at the month of Red river. IW iiixlunee, the olemttCtl of the bank ■ m;u lie due in part to the prolon- 
gation of the river. The urea of this tfaot of alluvial land IViim Dope tJirurdotiu to the head of I In- assumed delta, an 
given by previous writers, i* too gresit. Hy careful measurements upon the most nutbvntSe maps ti la at follows ; — 

BqcttttA milua. 

The St. Fmnci«i bottom , 6,900 

The YnJoo In ill. mi , , , 7, 1 HI 

The Ti'oois bottom , ' i i" 

Snoill swamp* en the east bank from Cairn to baton Itouge. 1,000 

Tula! area IM60 
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CdHBldering the position and direction of the general mast line (not oi' alluvial for- 
mation) cast and west of the Mississippi river, with relation to those of 
the shores of lakes Pontehartrain and Maurepas and Grand lake; wa^probably 
observing the direction of the line of surface junction of the alluvial situated near 
and older soils; and remembering that, near the efflux of bayou Plaque- Plaquemine. 
mine the alluvial soil does not extend much if any below the level of the gulf; we are 
led to conclude that the original mouth of the Mississippi was situated not very far from 
that locality, and, hence, that its prolongation into the gulf has been 220 miles. 

The slope of the bottom of the gulf, upon which this advance has been made, can 
he approximately estimated. Thus, as before stated, at the locality of 
New Orleans it is 4b feet below the surface of the gidf. That depth of t ^ e bottom of 
water is found in the gulf off the coast of Mississippi and Alabama the gulf in this 
(where there is no iluvmtile deposit, or, at least, none of the present re & 10IL 
geological aire) at about 20 miles from the si lore, the same distance that separates New 
Orleans from the north shore of lake Pontehartrain, According to the deep-sea sound- 
ings of the Coast Survey (see plate XIX), the old gulf bottom is 100 feet below the 
gulf level at the head of the passes. Beyond this point, the slope must have been 
much greater; since a depth of OHO feet is found 11 miles from the bar of the South- 
west pass, or 28 miles from the head of the passes. 

If it be assumed that the rate of progress has been uniform to the present day — and 
there are some considerations, connected with the manner in which the 
river pushes the bar into the gulf each year, which tend to establish p 3; "th^cUt 86 
the correctness of that opinion — the number of years which have 
elapsed since the river began to advance into the gulf can be computed. The present 
rate of progress of the mouth may be obtained by a careful comparison of the progress 
of all the mouths of the river, as shown by the maps of Captain Talcott, U. S. Engi- 
neers, 1838, and of the U. S. Coast Survey in 1851 — the only maps that admit of such 
a comparison. They give 202 feet for the mean yearly advance of all the passes.* 

This mean advance of all the passes represents correctly the advance of the river, 
because in the changes that take place, each pass in succession may become the main 
or chief pass. Adopting this rate of progress (202 feet per annum), four thousand 
four hundred years have elapsed since the river began to advance into the gulf. 

The practical importance of this yearly progress into the gulf consists in its prob- 
able effect in raising the surface of the river. This cannot be pre- Eff t f f(ltnre 
dieted with absolute certainty, but it, appears to be hardly probable advance upon 
that, in the future changes, the depth of the river below Fort St. Philip JJ^JJ 1 ^ 1 "*! 
will be less than it is now; lur the thick clay stratum in which the bed 

* Tilt* following nfc tko yunrly rates for lilt' diffurGiit passes : — 

Sonthwctf fist, tftleott ipd OomI Surwj ■ MS feet. 

Soiiih pis*, Tiileiitt mill Cuiisl Survey ........ .- 28(1 " 

Sort 6 Mi St »nd S.i'il) SI [i tis * o I, Till i- mi imiJ Coast Survey 130 " 

1'iiM I I'Ouire, Tulcotl and C'oasl Survey 302 " 

Mean ioiittal wli mea of tin.* pawn* 202 " 

Uv comparing tho maps of &6 Serigny, l-^ 1 . attd ■•>-' In Tour, I'll, with the map of Captain Tukolt, surveyed in 
1838 Hi. Thoraasssy fiad= that the mean animal advance, hetweeu tHuse periods, of pass a 1 'Outre, the Northeast pass, 
and the Bontheatt pass, was 328 feet (inl metres). 
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lies will lie found, at points farther in the gulf, to be at a greater depth than it is at 
Fort St. Philip. Applying then the new formulas to the existing dimensions of the 
river below Donaldson ville, we hud Unit a prolongation of the river 25 miles into the 
gulf will be required, in order to elevate its surface 1 foot at Fort St. Philip. Even at 
the present rate of progress of the delta, this extension would not be accomplished in 
less than five centuries. It is certain that the progress of the mouths of the river into 
the gulf will never be more rapid than it is now, although from the great depth of the 
gulf 10 miles seaward of their present position, it may be /c.w rapid. It is shown in 
Chapter II that when the swamp lands are perfectly protected from overflow, the sedi- 
mentary depositions in the gidf will not be increased more than one-eighteenth. 

How much the progress of the river into the gulf has raised the surface of the 
river at points above Plaquemine, and how far up the river this eflect has been felt, are 
in a great degree matters of mere speculation, and, however interesting as speculations, 
are without practical value. 

(Jituinjm which mnij haw accttrnt/ in. tl« nvnUl'mn of (he Mi-^i^i/ipi river. — The age 

of the delta has been estimated at four thousand four hundred years, 

The Mississippi ., . . . , r • _ . %, - 

■was once a com- upon the assumption that the -Mississippi river was ol equal magnitude 

paratively clear during the whole period of its delta- forming Condition. This assumption 
implies that the Mississippi was suddenly brought into existence with its 
present condition, or was suddenly converted- to that condition. The rapid, simul- 
taneous upheaval of the whole basin of the Mississippi would have brought that rivet- 
suddenly into existence with very much the same characteristics that it now possesses; 
but geologists do not admit the probability of such a rapid upheaval. If it had been a 
delta-forming river during the gradual upheaval of the basin, which at Baton Koiige 
has exceeded 100 feet, some part of its ancient alluvion would now he found at a 
greater elevation than the corresponding part of the river; hut, as it is all below the 
high-water surface of the river, the Mississippi must have been in past times a com- 
paratively clear stream, not subject to Hoods. 

its transformation from a clear into a muddy river may have been the result of 
Howitmavhave changes which have perhaps taken place in its basin. It will be recoi- 
changed this leeted that midway between St. Louis and Cairo, the Mississippi passes 

character. through the northeastern extremity of the Ozark mountains, having, 

apparently, cut its way through the rocks, which rise perpendicularly from the surface 
on both banks to the height of o00 feet. This range probably unites with the crest of 
the plateau in which the tributaries on the right bank of the Ohio rise, or with the high 
ground which separates the hilly from the prairie region. The similarity of this part 
of the river to the Niagara below the falls, and to the Khine below Bingen, suggests 
that, like those two rivers, the Mississippi has worn a channel through a portion of the 
range of hills or mountains that crosses it, and that the process lias been accompanied 
by a constantly receding fall. If so, the beds of tin? Missouri and Mississippi must 
have been at a much greater elevation lhan they are now. a supposition which their 
present character renders highly probable; and an immense lake may have extended 
from the falls, or their vicinity, northward, nearly to Prairie du Chicn, and over a large 
portion of the prairie of Illinois, and perhaps of Indiana, and, uniting with lake Michi- 
gan and lake llurou, may have covered a great part of the State of Michigan. Similar 
lakes may have existed on the Missouri and Upper Mississippi. The summit of the clilfs 
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mentioned is somewhat more than 600 feet above the sett. The surface of lake Michi- 
gan is 570 feet above the sea. The crest nf the low divide between the sources of the 
Illinois river and the southern extremity of lake Michigan is from 20 to 26 feet above 
the lake. There is a horizontal line, apparently a water-mark, on the cliffs at Mackinac, 
between 150 and 200 feet above the surface of the lake, which perhaps marks the ele- 
vation of the surface of the lake when the falls of Niagara were near Queenstown, at 
which time it is estimated that their crest was from 150 to 200 feet higher than it is 
now. According to the estimate that luis been made by Sir Charles Lyell, of the rate 
at which the Niagara falls recede (the level of the upper lakes being supposed to subside 
with the crest of the falls), the surface of lake Michigan was, some live thousand years 
ago, just even with the lowest part of the crest now dividing it from the Mississippi river. 

The effect of a great lake, such as that just indicated, upon the Mississippi river 
below the falls would have been twofold. First, the river-water would have been clear; 
and, second, its rise and fall would have been inconsiderable. There are several terraces 
on the Ohio river, indicating that its surface occupied greater elevations formerly than 
now, probably caused by the dams nature had thrown across its course. Thus portions 
of the prairies and plateaux of that region, and of the valleys of the tributary streams 
{where similar obstructions must have existed), were formed into lakes, the effects of 
which upon the turbidness of the waters of the Ohio, and upon its rise and fall, must 
have been similar to those of the supposed great lake upon the Mississippi. Conditions 
of the same character probably existed upon the other great tributaries of the Mis- 
sissippi or their chief feeders. 

Thus it appeai-s that the lower .Mississippi may once have been, somewhat like the 
St. Lawrence, a clear stream, having hut little rise or fall, and pushing forward on its 
lied so small si quantity of earthy matter that no bar could be formed at its mouth. 
The change from this condition to that of a muddy, delta- forming river, having great 
floods, and pushing along its bed a large quantity of earthy matter, was probably 
gradual. As the surface of the Ohio river sank, from the wearing away of the natural 
dams upoti its course, the lakes in its basin were drained. The character of its lower 
course was consequently altered, and this produced a corresponding change in the Mis- 
sissippi. As the surface of the great lake was lowered by the retrograde movement of 
the fall, the nature of the Mississippi was still further modified, until it finally assumed 
the characteristics it now possesses. 

This supposition of the gradual transformation of the Mississippi requires an addi- 
tion to be made to the age of the delta, as computed upon the supposition of a uniibrm 
condition during its delta-forming state, but does not afford the means of ascertaining 
the amount of that increase. All this, however, is mere speculation, indulged in to 
afford a possible solution of a speculative difficulty that has no practical bearing upon 
the present or future condition of the Mississippi river. 

Sow hnuirhw of tfte Mimmppi may beoome disconnected. — Some indication of the 
manner in which the branches of the Mississippi may he disconnected „ 
from the main stem seems to be appropriate to this chapter, although, to branches of the 
be perfectly understood, a reference to the next chapter may In; re- Mississi PP»- 
quired. The following general principles will there be fully established. 

The passes, and the bayous leading from them and from the river, have two bars; 
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Preliminary one at the mouth in the gulf, the other at the point of separation from 

remarks. the rivar or pass. There are two great river periods; the Hood stage, 

which lasts usually six month*, and the low-water period, which lusts 
usually four months, the transitions from one to the Other occupying on the average 
ahout one month. During the ilood stage, a large quantity of river-water is discharged 
through all the bayous with a velocity varying from 2 to 3 feet per second, and the 
bars at their mouths in the gulf are funned and pushed forward. In the low-water 
period, on the contrary, when very little river-water is discharged through the bayous, 
this bar formation takes place at the point where the bayou is separated from the 
river. During the transition from high to low or from luw to high water, the deposit 
takes place at every point of the bayou between the two bars, a deposit which is 
removed in part, or wholly when the river rises. In the ordinary low-water condition 
of the river, the short bayous discharge salt-water into the river, when the gulf level 
is higher than the river at the point of junction, 

A separation may be effected by storms, if the banks of the bayou 

A separation of fc (j j ^ ()f p^.j,,,, t ] 1L> r \ yer av(i no t materially above the level of 

branches near \ n - 

the mouth may the gulf; as ibr instance, at the head oi the passes, where the banks are 

be effected by but m ae more ^ 2 feet above its moan level: or at Fort St. Philip, 
storms. ' ' 

where they are less than 5 feet above it. 

Let us suppose, toward the close of a great ilood. which has been protracted into 
the summer, and when the water is Ijcginning to subside, a great southeast storm 
or hurricane takes place, which elevates the surface of the gulf b" or 7 feet above its 
mean level in the lakes and bays on the eastern side of the river, where it must 
be higher than in the lakes and bays on the western shore. One of the effects upon 
the great passes will be to cause a less discharge through those debouching toward 
the east, and a greater discharge through those debouching toward the west. The 
effect upon the bayous of the east hank will probably be to drive the fresh water 
entirely out of those whose banks at the point of leaving the river and pusses are below 
the raised surface of the gulf, and to make dead-water in those whose banks at the 
points of leaving the river are on the same level as the raised surface of the gulf. An 
eddy must be formed at the head of the last class of bayous; and the consequent deposit 
might possibly reach nearly as high as their banks, their depths being usually but Ij or 8 
feet at that point. Upon the subsidence of the storm, the bayous would be thus cut off 
from the parent stream; and, the river being in a falling condition, the newly funned bar 
would be exposed several months to the air, and would become linn. Should the follow- 
ing year, like 1855 Ibr instance, lie one of low water in the riser, when there is little or 
no flood state, the bar would be covered in the spring and summer with willows, grass, 
and other vegetation ; and the permanent disconnection of the bayou would thus be 
secured. The deposit from subsequent overflows of the river would only increase the 
bank separating the river and bayou, and fill up somewhat the bed of the latter. 

Auother process by which bayous and branches of the Mississippi may be separated 

from the river, when the point of divergence, is hut slightly elevated 
Or bv WFiv6s 

above the gulf, is the following. The waves of the gulf constantly tend 

to close the mouths of rivers and the entrances of all bays, sounds, inlets, etc., and to 

stretch along them a bank or narrow strip of land, thrown up from the bottom of the 
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gulf. The variations in the level of the gulf, whether caused by winds or tides, tend to 

open and keep open channels through the hank thus farmed by the waves. During a 

low stuge of the river, the effect produced by a long-eontinued scries of storms from the 

southeast, upon a branch discharging toward the east or southeast, might he to raise the 

bar so as to diminish materially the capacity of that branch for discharge, while at the 

same time it increased the discharge through those branches debouching toward the west, 

owing to the less elevation of the golf on that side The return of high water of the river 

would not necessarily restore the former condition of the branch and its bar. Another 

series of storms might still further diminish the capacity of the branch or pass, so that 

its hod would diminish, and the bar at the point of separation increase. Finally, by a 

continuation of such action its mouth might be entirely closed, and a bar at its head, 

formed by eddies, would soon afterward cut off all communication with the river. An 

operation like this is observable in bayou Moreau, once the east branch of the La 

Fourche; whose mouth is entirely closed, and whose bed at the point of divergence 

is nearly filled up by the accumulation of drift-wood, it may be, however, that the 

drift-wood first partially closed the east branch, and that the closure of the mouth 

followed, instead of preceding, the partial separation of the branch from the main stem. 

When the rise and fall at the head of a buy on is 15 or 25 feet, its .. c 0X i si tie r at* le 

separation from the river cannot be accounted for Without the iutroduc- distances from 

tion of other causes than those named. hot us take the bayou La the mouth sepa- 

J ration can only 

Fourche as an example. be caused by 

The surface of the river, at the point where that bayou separates drifti 
from it, is, in dead low water, only 1.5 feet above the mean level of the gulf; but any 
deposit formed near the head, during the period of low water, must be spread over 
a considerable extent, since the river sometimes rises G or 8 feet at Donaldson ville, 
and fluctuates between that height and the low-water stand until the great rise 
begins. The transition period from high to low water being on the average only 
about a. month, and the length of the bayou being 111! miles, the deposit of any day 
mast he spread over a space of 2 or 3 miles, and must, therefore, be exceedingly 
slight. Any deposit made in the bayou must then be so small as to be removed by 
I lie high-water discharge, 

The fact observed at Dotuildsonvillo, that the river in hurricanes like those of i860 
rises much more rapidly than the bayou, and discharges into it, shows that no such ac- 
cumulation ean be formed in the La Fourche as occurs at the point of separation of 
bayoofl at the mouths of the passes. 

Under the ordinary conditions, then, it is not easy to perceive why the bottom of 
the bayou at the head, in- [joint of divergi-nee, should not always remain at least a foot 
below the low-water level of the river, unless closed by drift-wood. Many bayous at 
the mouths of the Mississippi are now in process of closure in this way, and bayous 
connected with the Atchalalaya and emptying into Grand lake are also undergoing a 
similar process. The lodging of drift-wood upon the shoal at the entrance of La 
Fourche, in conjunction with the earthy matter that must accumulate around it, may 
therefore in a few years effectually dam up the entrance and entirely disconnect the 
bayou from ihe river. 

In general, then, we may conclude that in a delta river like the Mississippi below 



440 REPORT ON TIIE MISSISSIPPI RIVER. 

General the mouth of the La Fun relic, the relations existing between the main 

stem and the branches continue permanent unless disturbed by some 
extraneous force. These relations are, however, liable to be disturbed, since the velocity 
and momentum in these branches are less than those in the main stem, and are there- 
fore more affected by storms. Some branches are exposed to the prevalent winds, and 
for that additional cause are liable to be closed. Urift-wood, which sooner or later 
must lodge in the smaller branch streams at the points of separation, where the depths 
are always less than in the main stem, must produce still greater disturbance. From 
these causes, the branches are separated from the main stream as it advances into the 
gulf, and the head of the delta proper is thus carried forward with the mouth of the 
river. 

Anc'intf grogvftjrfiy nf the tlelta. — Some few ideas respecting the original position and 
direction of the gulf shore lines and the river courses will lie added, 

Ancient shore gJnce the? may prove interesting as indications of the changes that 
lines and river J ,„, „ , * ,i w e *i 

courses. ' have taken place. The northern shore of the gull, or sin arm oi the 

gulf like the Mississippi sound, as already intimated, probably passed 
near where Plaquemmo now is, and extended westward until it met the high ground 
west of Grand lake. It will be noticed that the line of intersection of alluvial and 
ancient soil in this region is parallel to the general direction oi' the west shore of that 
lake. The Avoyelles prairie is probably the remains of an ancient ridge running 
parallel to the Mississippi as far as the northern shore of the sound, and perhaps sepa- 
rating the Mississippi and Red rivers. The At eh a fa lay a was probably the drain in the 
lowest part of the valley between tins ritlge and the bank of the Mississippi, but not 
connected with that river. Red river may have emptied into the ancient sound by 
a course along what is now bayou Bosuf or perhaps by Choctaw bayou and part of 
bayou Teche. — the latter having evidently been a much larger river than it is now. 
The fall of Ked river at Alexandria is 0.42 of a foot per mile; of the bayous Ek»uf and 
Teche, 0.3 of a foot per mile; slopes not inconsistent with the supposition of their 
having once heeu purls of the tame stream. Black river probably ran to the Missis- 
sippi along what is now the channel of Red river. The elevations caused by alluvial 
depositions west of the Avoyelles prairie were probably more rapidly formed than those 
east of it; and the banks of Red river being thus elevated, that stream may have 
overflowed the depression in Avoyelles prairie, where Red river now runs. On the 
east side of this depression, it must have found a channel partly prepared by drainage 
into Black river. This by degrees became a branch of Red river, and finally the main 
stream. 

The opinion has been frequently expressed that Red river was not originally 

united to the Mississippi, hut (lowed to the sen. separately in the clnm- 
laya was not the ni '' ,mw '-died the Atchidalaya. from which it was disconnected by the 
prolongation of changes in (lie course of I lie Mississippi. This opinion is believed to be 

erroneous, because the area of the greatest cross-section of the Ateha- 
falnya, at the eillux from the Mississippi, is but little more than half that of Red river 
below the junction of Black river, and because the Atehal'ahiva has not the capacity to 
discbarge much more than half the volume discharged by Red river in Hood. If the 
Atchafalaya bad been the channel of Red river, its subset pieut connection with the 
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Mississippi could not have diminished its discharge or capacity, since the floods of the 
Mississippi are of much longer tin ration than those of Red river, and it is evident, from 
the very small slope of Red river above its mouth, that its rise and fall at that point 
could not have been decreased by a junction with the Mississippi. 

The fall per mile of Red river at Alexandria is 0.42 of a foot, and below the junc- 
tion of Black river only 0,14 of a foot, while the fall of the Atehafalaya in the first 
half of its course is 0.64 of a foot per mile. 

It therefore appears more probable that the Atehafalaya was a mere valley drain, 
discharging clear water, until the Mississippi, by eroding its own bank, converted it into 
a waste-weir, when, becoming a muddy stream of increasing discharge, the Atehafalaya 
began to raise its banks. As already seen, Mr. Bayley appears to have established by 
his researches that such changes have taken place in the Phiquomine. 

The point of ancient land that now terminates near New Iberia on the Teche, 
doubtless extends much farther toward the southeast, though now covered by alluvion. 
If the shore line of the present Mississippi sound be prolonged, it will pass near Ber- 
wick's bay, and it is probable that on this line there existed a chain of sand islands, or 
cvrduft HtlantL forming the southern shore of the ancient sound, Nearly parallel to this 
line is the chain formed now by the sand islands called the Chandeleur, Breton, Tim- 
balier. Last Island, etc., etc. 

Off Last Island and the coast in that vicinity, the bottom of the gulf is composed 
of sand, not of the sedimentary matter of the river. The depth in- The Mi3sissippi 
creases gradually with the distance from the shore, 50 feet water being extends its delta 
obtained at a distance of 24 miles from land. On the contrary. U miles al ° n S * he A e 1 f p ' 
off the mouth ol the Suit Invest pass, the gull is 000 leet deep. II the great marine 
general course of the Mississippi from Baton Rouge to its mouth be pro- 'valley, 
longed (see plate NIX), it will be- found to pass along the line of deepest water in the 
gulf, aud lead to the entrance of the Florida straits* The greatest depth on this 
line, about midway between the mouths of the Mississippi and the entrance of the 
straits, exceeds B000 feet. Thus the course of the Mississippi in the gulf conforms to 
the lowest line of I lie great marine valley, as. in like manner, above the ancient gulf 
coaVt, its course follows the lowest line of the valleys, converting them, by the sedi- 
mentary depositions of annual overflow, into fertile alhtvial plains. 



" Tliia fuel nray appeal to be sumeivlmt in conflict with the imputed influence of the southeasterly winds upon 
tin- directions pi tin' passes •-■>■ next Chapter), but in reality it is the necessary result of the manner in which the 
bar is formed, 11' it mn formed upon a plane iueliw-d across the river current, the rule of advance would be least,, 
the depth on the cmst mid the v.loeity of em-rent greatest on the side toward the deepest water, and the prolonga- 
tion would he made on a curved line turned toward the deepest W»t*F, wlmh tie liar would finally reach and advance 
upon until turned away again bj the southeasterly winds— again to return. The prolongation must therefore be made 
() ii l nrvcd lines 
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CHAPTKR VIII. 

MOUTHS OF THE MISSISSIPPI. 

Description of the months.— Classification of river stfi^res with reference to the formation of the bsafc— Form and 
dimensions of the mouth of (lie Southwest pass,— Observations at this puss.— Actual conditions Existing there 
at the different states o? the river and (jalf.— Experimental theory or tiie formation of the liars.— It is confirmed 
by measurements. — It explains the differences in depth on the various liars.— Modifying influence of waves. — 
Effect of changes m (he level of the gulf surface.— Tidal currents.— Winds at the mouths of the Mississippi.— Their 
influence upon the form of the delta; upon the level of the gulff and upon the bare,— Eddy currents have ito 
governing agency in the formation of (be bars.— Mud lumps. — Actual deepening operations upon the bars of the. 
Mississippi. — Chu^ilicufiou of plans for improvement. — IJeeomuiendatious. 

Between bayou La Fourche (the last of the outlets) and Fort St. Philip, the Missis- 
sippi river {lows through a tolerably uniform channel, averaging at high 
the* Mississippi. Wflter 199,000 square feet in cross-section, 2470 feet ill width, and 12!) 
feet in depth in the deepen t part. In the low- water stage, these dimen- 
sions arc 163,000 square feet, 2250 feet, and 114 feet, respectively. Twenty miles 
below Fort St. Philip (plate XIX) a great change takes place. The river becomes 701)0 
or S000 feet wide, with a maximum depth of about 40 feet, and an area of cross-section 
of about 250,000 square feet. It then separates info three principal branches, called, 
from the directions they take, the Southwest pass, the South pass, and the Northeast 
pass, — the last sending off a branch called pass a ['Outre. The dimensions of these 
passes are shown by the following table. It will be noted that the lengths follow the 
same order as the volumes. 

Dimensions of the main passes of the Mississippi, 



Nlinic 



Southwest pass. 

South l«isa , 

Norllieasl pass.. 
Pass .i I'Oiitir... 



brogtti Ui ®ui«'i 



MUe*. 
17 
I I 

in 

IS 



Miviri vi.Uli. 



Mi'iui Hi'! .til. 



Feel. 

1200 

Tim 
2.100 
1800 



Feet. 
68.5 

;:i 
:;: 



Minn Doudnuuti 

.]■ [.Hi. 



Minui iir+.'. r i ..f 

CI'..-- 1-riUi.m. 



Fret. 

7u 



Square, feet. 

7o, lion 
24,000 
U2.OO0 

IT.Ono 



IV.. ... in ,n ,1 .h. 

thn™; 1 1 no i if 

tiie HittiiAfJi'pl 

betsg unity. 



34 

(HIS 

0.226 
0.284 



lieaiaitidur (mainly ilirough Suutheasl pnssj 0.121 



A bar is formed at the mouth of each of these pusses, where the river meets the 
gulf; and as the conditions existing there vary with the stages of the river, a classlfiea- 
tion of these stages should be made. 

The low-water period usually continues about four months, varying from two to 
(442 j 
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seven and a half months. (In the latter case, an extraordinary one, it Classification of 
lasted from August 10, 1854, to March 23, 1855.) The mean discharge w fth 'reference 8 
during this period ia 300,000 cubic feet per second. to the formation 

The llood period is considered to include the time during which the ° e ars ' 
river is discharging not less than 800,000 cubic feet per second. It usually continues 
for six months, varying between four and eight mouths. (In 1855 there was no flood 
period, the maximum discharge not having exceeded 700,000 cubic feet per second. 
No other instance of the kind has been recorded.) The mean discharge is nearly 
1,000,01)0 cubic feet per second. 

The transition periods are both brief. That from low-water to flood usually lusts 
thirty-one days, varying between twenty and sixty days; and that from flood to low- 
water, thirty-three days, varying between twenty and fifty days. The former usually 
occurs between the last of December and the early part of March, and the latter 
between the first of July and the middle of September, 

BARS AT THE MOUTHS OF THE MISSISSIPPI. 

Before proceeding to detail and discuss the measurements made to ascertain the law 

troverniuir the formation of the bars, a brief description of the mouth of „ 

b i xi i \-„-ii -,, Form aad dnnen- 

the Southwest pass, where the observations were chietly conducted, will sions of the 

be given. It is compiled from the surveys made by Captain Taicott, mouth of the 

,„ . t' ^ i Oi a - iobd* Southwest pass. 

Corps Engineers, United states Army, m logo.* 

Month of Southwest pm. — The mean dimensions throughout this pass have been 
given in the preceding table. They are preserved with but little variation (see plate 
XIX) to a point 7.3 miles from the outer crest of the bar. Here the mouth begins, 
the puss gradually widening until on the crest it has a width of 11,500 feet, a mean 
dentli of 11.5 feet, and a cross-section of 132,000 square feet. 

Tiie following numbers (see figure 1, plate XX) indicate the mean fall per 1000 feet 
on the bar toward the river : — 

From outer crest for 1000 feet nearly horizontal, 

In the next 3000 feet 0.5 of a foot, 

In the next 17,1)00 feet 1.0 foot, 

In the next 5000 feet 2.0 feet, 

In *hc next 0000 feet - . 7.0 feet. 

The bottom is then horizontal. 

The outer slope of the bar is comparatively abrupt. Thus the mean fall per 1000 

feet is — 

From outer crest tor 1000 feet 10 feet, 

In the next 3700 feet 20 feet, 

In the next 38,300 feet 5 feet, 

In the next 14,000 feet 43 feet. 

• Neither t-hfl reports nur ibe. maps of these surveys were published. Tin? latter (partially represented, on plate 

XIX I were rtrneted aptdi i r«y l"T ( ' ^cnle, and a careful campil&tioB wn? mudi- from them in the Bureau nf 

Topographical EugHrt-era. Wm Itapartasat, and published Ij)' mi tin in iy in 1839, The reports bave never been printed. 
'Iln v contain muck valuable information, atiil have therefore bwra added) bj permission, U> this report, as Appendix A. 
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That is, :xt 11)00 feet outside the bar, the gulf is about 22 feet deep; at 4700 feet, 
LOO feet deep; fit 43,000 feet, 31)0 feet deep; and at 07.000 feet, 000 feet deep. In 
the deep water the bottom is composed of the soft mud brought to the gulf by the 

river. 
throushthe ^' ie &^°wing table exhibits the volumes of water entering the 

Southwest pass, Southwest pass. 



Discharge per second aithe haul of the Sout/ttpest pafi$. 
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Cubic Mi, 
840, iWO 
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t.'.t 
1.1 
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Pflt, 

8.9 

1.) 









This description being premised, we may pass to the results of the observations 
which were made to determine the conditions actually existing at the passes in the 
different stages of the river. 

()/«.nv!/i« id the mouth*. — In order to determine the conditions existing at the 
mouths of the Mississippi in the high-water and low-water stages of Uie river, and the 
circumstances under which the barfi are formed, it was proposed at a very early period 
of the Survey to make a series of experiments in each of those stages, and to carry 
each series through all the variations to which the gulf is subject from tides and winds. 
From a variety of circumstances, the execution of this plan was postponed from time 
to time, and indeed it was never fully carried < Kit. Enough, however, was ascertained 
to make apparent the law under which the bars are formed. 

In execution of the plan of operations, Professor Forshcy made some 
experiments at the Hood and low-water stages of the river in I Sol. 

In the winter of t858-59, x\Ir. C. A. Fuller, civil engineer, having 
charge (under the direction, of laeu tenant-Colonel S. II. Long, Topograph- 
ical Engineers) of the deepening of the bar of the Southwest pass, under- 
took the completion of the experiments. The first made by him were amateur obser- 
vations, hut subsequently lie was furnished with all the apparatus required to conduct 
thnii with accuracy. These latter experiments were made during two weeks in May, 
1859 (flood stage of river), and in the following August, September, and October (low- 
water stage), an d with less elaboration on various occasions from that time to June, 
1860. They were made on the crest of the bar; at depths of 20, SO, and 40 feet out- 
side the bar; and extended to 18 feet water inside the bar. All these experiments are 
fully detailed in Appendix G, and some of the most characteristic are represented upon 
plate XX. Figure 2 of this plate has been prepared to afford the means of locating 
the observations exactly, with the aid of the notes in the Appendix. 
Results of the After a very elaborate examination of Hie observations, the follow- 

observations as fug conclusions have been reached. They may easily Oc verified by 

to the conditions • . tl . . ,. . J ., .,* 

examining the observations themselves in Appendix Q. 



Observations 
upon the bars 
in 1851. 

Observations 
in 1859-60. 



actually exist- 
ing at the bars 



During the period of (lood, the water in contact with the bar, as 
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far as the outer crest, is fresh, and moves seaward with a comparatively rapid current. 
Beyond the outer ere^t and below the stratum of fresh-water, salt-water is found in con- 
tact with the outer slope of the bar, moving seaward with a velocity varying between 
0,8 and 2.o feet per second, the mean being about 0.5 of a foot per second. The 
direction of this motion, however, is not parallel to that of the river-water, the angle 
between them being often as great as 20 degrees. On one occasion, during a strong 
southerly wind, a little salt-water began to make its appearance below the fresh on the 
inner slope of the bar. 

During the low-water period, the water in contact with the bar is always salt; 
moving sometimes outward and sometimes inward— but always with a gentle current — 
and remaining sometimes at rest. At the outer crest of the bar, when the tides are 
greatest and rising, there is an inward current of salt-water at the bottom, increasing in 
strength with the rise in the tide, When the tide turns, the current changes its direc- 
tion and moves outward. In this stage of the river, the surface water is usually 
brackish to the head of the passes, and sometimes as far up as Fort St. Pin lip. During 
extraordinary gales, the gulf-water bus been known to fill the channels of the passes 
with an np-streani current. 

Dorilfg at least half of the two transition periods, any of the current conditions 
(bund at the low-water period may exist. 

Such are the conditions existing at the mouths of the Mississippi The laws in 
accordance with which the bars are formed are now to he deduced from them, 

Kxprrini' mtal theory of the formation of ih< hats. — Let us suppose the mouth of the 

Southwest miss to be removed up to the point where it beirins to widen _ ..„ 

p , , , . ' • Conditions as- 

(7.3 miles above the outer crest ot the bar), and the gull to occupy its sumed to illns- 

nlftOO. haviaa a mean depth equal to thai of the pass (68.5 feet), trate the action 

Further, let it lie supposed that the river is at the flood stage, and 

that it meets for tiie first time the waters of the gulf, which, to simplify the problem, 

we will at first assume to remain at a constant level, without currents or other 

motion. 

The force that would resist the entrance of the river into the gnlf at the depth of 
58.6 feet is greater than the force at half that depth (29.25 feet) by The fresh . water 
the difference between the weight of a column of salt-water and a wm rise and 
column of fresh-water 29.26 feel high, and the resistance decreases in ^[ t 6 ^ d at e v r er the 
this proportion to the surface, where it is least. As a consequence, the 
fresh-water as it enters the gulf will rise upon the salt-water at an angle inversely as 
the strength of the current. This lifting force of the salt-water must widen the river 
current. Since the resistance of the. banks of salt-water to the pressure of the river 
upon them is less than that of its earthen banks, this spreading will be further in- 
creased. The difference in the specific gravities of fresh-water and salt-water will also 
tend to produce the same result. 

The conditions existing in a vertical direction, where the river-water meets the salt- 
water and rises upon it, are somewhat similar to those existing in a n w u.i thus pro- 
horizontal direction, where the river makes a sudden turn and Ibrms a dnce vertical 
horizontal eddy, or where a sudden deepening in the bed occurs, and, as ediies ' 
shown I iv Venturi's experiments, gives rise to a vertical eddy. Li other words, there 
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must be a dead angle, where the river- water meets and rises upon the salt-water and 

1,1 ins forms vertical eddies. 

Nitw, as already explained in Chapter II. experiments upon the river at various 

The material points of its course, at high water and at low water, when the river was 

pushed along rising and when it was fulling, established the fact that earthy matter 

upon the bottom j M ^wnys rolling along upon the bottom. It consists of clay, earth, 
will be left be- J , - ,. , .,-.,.,,,,. \ ,r 

hind, and will sand, etc.; tiiat is, ot the material 01 which the delta is Conned. Mr. 

thus form a bar. George C. Meade (now Captain United Slides Topographical Engineers), 

when making a survey of the Southwest pass under the direction of Captain Talcott, 
Corps of Engineers, in 1S3S, also found similar material in motion along the bottom on 
the bar of the Southwest pass, the river being about two-thirds flood al New Orleans. 

The current in the Southwest pass "is quite equal to pushing this material along the 
bottom, but when the river-water begins to ascend upon the salt-water of the gulf, the 
rolling material is not carried with it, but is left upon the bottom in the dead angle of 
salt-water. A deposit is thus formed, whose surface is along or near the line upon which 
the fresh- water rises on the salt-water as it enters the gulf. This actum /tnnhifva lite, 
bar. What modifying effect the vertical eddy has upon this deposit, observation can 
hardly determine, for there are other and mure powerful forces at work, which nearly 
or quite obscure its action. 

At the low-water stage of the river, the earthy matter pushed along at the hot- 
Modification of tom w '" il ' s " ' x ' ^posited in the dead angle formed by the fresh-water 
this action in rising upon the salt-water as the river enters the gulf. There will, how- 
low-water dmS evtM ' ? ,lL ' one important difference. The velocity with which the rivur 
stage of the outers the gulf being in extreme low water about One-fourth, and in 

nver ' mean low water about one-third that at Hood, the angles at which the 

fresh-water will rise up m the salt-water will be greater and probably in about those 
proportions. The spreading force also will be less than at the I loot) stage, and salt- 
water will be found at the sides, where at that period there was fresh- water. 

We must then conclude that, as there are two great epochs of discharge in this first 
river year, so there will be two great periods of deposit: one at high water, when the 
deposit may be considered ris made exteriorly; and One at low water, when it is made 
interiorly; the deposits during the changes from high b> low water and from low to high 
water being made between those two, or on what is ordinarily termed the bar. 

Now let US trace the effect of subsequent Hoods upon the new-made bar. When 
the velocity begins to increase, the current, at the point wdiere the 
qu^nt S floods bSe " channel begins to widen and lessen its depth, will uo| he deflected 
upward by tin. 1 lifting power of the salt-water, but by coming in contact 
with the deposit of the preceding river year, which it will erode until a channel-way is 
formed equal to that of the normal channel of the pass. This erosion will take place 
chiefly at the angle whore the current is deflected upward; the wearing upon other 
portions of the deposit being comparatively slight. The new earthy matter pushed 
along at the bottom will thus be rolled over the liar ami dropped in advance of the 
high-water deposit of the previous year. This will cause an annual advance of the bar 
into the gulf. 

In proportion as the cross-section of discharge on the outer crest of the deposit widens, 
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its progress into the gull' will become slower, and ike depth ol' water upon Law governing: 
it will constantly decrease, since the surface of the deposit will always *ke advance of 
coincide with the inclined plane along which the fresh-water rises upon 
the suit-water. Finally, when the yearly advance of this outer crest becomes equal to 
that of the excavation on the inner side of the deposit, an equilibrium will he established, 
and the depth and width of the crest of the bar will remain essentially permanent, so 
far as affected by the great controlling causes of its formation. Tbe duration and dis- 
charge of the Hood, low-water, and transition stages all varying, and the quantity of 
earthy matter pushed along at tbe bottom also varying, there will be, of course, some 
yearly irregularities in the form and extent of the deposit or bar. Other disturbing 
!i ares, to Ije presently noted, will also affect its condition ; but although the changes 
tli us brought about may seriously affect navigation, the form and progress of the bar, 
so far as its great dimensions are considered, must soon become permanent. Let us 
now sec how these views respecting the general permanency of the bar are borne out 
by observation. 

In ISoS a thorough survey was made of the mouths of the Mississippi; of the 
adjacent golf; of the passes; and of tbe river, as far as Forts Jackson This law eon- 
and St. Philip. The surveys previous to that date were not of a suffi- firmed by 
eicntly minute character to admit of a nice comparison.* Since that measurements, 
time, surveys have fjeeu limited to the bars and extended but a short distance inside of 
the inner crest. There is no means, therefore, of ascertaining how far the normal 
cross-section of the Southwest pass has advanced since 18S8. We may, however, 
determine with much nicety tbe relative and absolute advance of the inner and outer 
crests since that date. 

l\\ Taleott's survey, the distance aeross the bar, from 18 feet water inside to 18 



• This opinion wis foniu'd afdr a rarefid examination of all l.lip maps of lltr moulds of the Mississippi in fho 
archives ol tic Bateau ctl Topographical Engineers, War Department Among them is a copy of the map of 
It'Aioille, prepared in !"■*- pablished in 17."i2. It has marked upon it "Passe i\ hi Loiure," " Fosse a Ssuivol " 
(called now Pass a Cherfttyi '* Pass* de. 1'Kst," -l.a Bnlbie, Kulrfe pour ten Vuisseaux," "Pawn du Sod," "Passe du 
Sml Oueak" The Southeast pass In omitted. The river is mlted " Saint Louis." 

On »n <>!d map with no date, signed by Osgood (Jarletoii, it is stated that there is is (Vh water into I lie Bnliso, 12 
feel ever the bar, 48 feel within, and 50, BO, and HJB fathoms afterward. Yet on the large-scale (dot of the entrances, 
the Southeast channel has a depth of only 12 feet, and the Northeast ehaanotooly 1H feet. Port Baltse and the. 
upper pari of Bblisi bayon are marked on the map, and at the Inner end of the bayou it is noted "Here large ships 
liiml their cargoes i" lighten iii order to go osor the bar." Thie remsrli conforms in 1 amnnsoript tracing, likewise in 
Hi,' n.irinn ,,i 'Topographies] Boglrware, with the title " Carta dee Bmboucbwea du Mississippi ear tea ilanoBcrin 
ilu Dftpdt dee Cartes el Plana de la Marine, !7-i-i," ,»n which a bar la marked at the junction of the BsJise bayou and 

the river, and la called "ta Bar* ;"' tfce bay 8 called "ChenftJ | rta VoSsseanx," and the mouth "Embouchures 

par 00 lea Vahweaira ontrenfc" The only passes marked mid named en the map are " Paaas Baav©He w and " Passe 
d« I'Ket." It appears to be hardly probable thai there was a depth of is feet at the entrance of this bayou from the 
sea, and 12 feat over the tmr at tta function sith tbe river, yet ii in bo implied. 

French in his historical records of Louisiana, gins Ouxe'a acoouut of tl tpeditions seat by him to Louisiana in 

Kin- tieeoraW to |!| "- :| ' expeditions, thewwew then seven months to the Mississippi. The greatest depth of 
water found was 14 feet Three months were deep enough for ships to enter. 

Mr It TbomssST, in an appendix til ail (ii'-olo^ie Praliiple de hi Lotlfaiane, irivcs a brief account of llie imips of 

1 ni isianu and the Mississippi rivet; thai have 1 n prepared fr the time of its discovery to the present day. Thin 

lBC0Wl j i,.. ,. ; , to enlarge in the American edition of his work. The maps uf Messrs. de Serigoy, da Lisle, de In 

', * [■,,,,,, r L ,n,i ethers, and ni Captain Tateott, ami the Const Survey, wftich accompany tha work, illustrate the 

subject of ''»■ ehang 6 * ,! " u hlV,: taken llilltL ' at ll "~' "' ""' " f " u " ^iv ''' ^ • 
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feet water outside, was 7-")00 feet. By the survey of Lieutenant-Colonel Long, in 185 7, 
the distance between these two curves is 7900 feet, showing a nearly equal advance into 
the gulf ($38 feet annually) of erosion anil deposit. The Coast-Survey chart of 18f>l 
of pass a l'Outre shows in tin* south channel an equal advance of the inside and outside 
curves of equal depth. In the other channels the advance of the inner curves is not 
quite so rapid as that of the outer. These surveys also prove that the mean depth on 
the bar of the Southwest pass has remained unchanged. 

These facts confirm the correctness of the explanation given of the manner in 
which the bars advance into the i_ r uH". ami the mode by which their form and the depth 
of water upon them are maintained practically the same. 

Taken in connection with the fact developed by the surveys, that the outer crest, 

_, of the bar of the Southwest pass advances into the fftljf 338 feet over a 

These measure- < e 

ments establish width of [1,500 feet annually, they also show that the erosive power of 
the numerical t [ R) ,. mTer ,t j rt (m i v about one-tenth of its depositing action; since the 
ing- between the river opens a channel 1200 leet wide and S38 feet long to the mean 

power of erosion depth of the pass, while it forma a deposit about 11,500 feet wide and 
and the deposit- „„., „ , , . , ,, , ,■ 

ing action 338 leet long to at least the same depth. 

The preceding theory of I lie formation of the httrs also explains the 
This theory of relation that exists between the depth on the bar and the amount of 
explainT^thTdif- discharge 0VtJI ' iX - ^ qtnLutities of matter transported along the 
ference in depth bottom in the diflerent passes are in proportion to their discharges; the 

on the different ,,i !m(W f ascent upon the salt-water are inversely as their velocities, 
bars. * 

These conditions tend to produce equal depths upon all the bars. But 

the width and cross-section of the Southwest pass are relatively smaller than those of 
the other passes, and its relative velocity is consequently greater than those of the 
other passes. The erosive [lower of each of the other passes, as compared with its 
depositing action, is therefore relatively less than that of the Southwest pass. The 
advance of the deposit of any one of these passes into the gulf, before the equilibrium 
between the erosive power and depositing action was established, must have heen rela- 
tively greater than that of the Southwest pass. Hut the yearly progress into the gulf, 
after the equilibrium was established, must have been less than that of the Southwest 
pass. The greatest depth of water should therefore Ik- Ibuud upon the bar of the 
Southwest pass, a conclusion in accordance with the tact, 

The rate at which the bar of the Southwest pass advances, furnishes the means of 
computing the yarlv amount pushed into the gulf along the bottom of 
earthy matter the river. The depth of the gulf where the bar is now formed being 
annually pushed [U(| lUu, and the bar advancing 338 feel each year, its profile and other 
mo e (pi . dimensions give for the difference between the cubical contents of yearly 
deposit and erosion, 2oo,00D,0()0 cubic leet. or a mass 1 mile square and D fed thick, 
which is the volume of earthy matter pushed into the gulf each year by the Southwest 
pass. The quantities of earthy matter pushed along by the passes being in proportion 
to their volumes of discharge, the whole amount thus carried yearly to the gidf is 
7 •*)(),()) 10,001) cubic feet, or a mass 1 mile square and 27 feet thick. As the cubical con- 
tents of the whole mass of the bar of tlio Southwest pass is equal to a solid J mile 
square and 490 feet thick, it would require fifty-five years to form the bar as it how 
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exists, or, in other words, to establish the equilibrium between the advancing fates of 
erosion and deposit. 

lujhu-iivc of gulf <miUa.tu)n& and car rents upon lh- hits. — The gulf has hitherto been 
supposed to remain invariably at the same level and to be at rest. The modifying 
effects of its motions will now he considered. 

Besides waves, we may ex pee t to find tidal currents, and currents occasioned by 
changes of level due to winds. Prom the great depth of the gulf near the mouths of 
the river, it is also possible that the gulf-stream or its eddy may be felt at certain 
seasons. 

The oscillating motion of waves, when meeting the bottom, is changed into a motion 
of translation, and thus tends to arrange the deposit made by the river 
into tiie same gentle slope at which it disposes similar material at cor- J 110 * 1 "^ 11 ? influ " 
responding depths along the shores. These motions of wave oscillation 
and translation also tend to destroy a portion of the velocity of the current of the river- 
water, and thus induce a deposit of sediment,* 

A rise in the level of the gulf will diminish the discharge of the river, and increase 
the slope of its rise upon the salt-water until the river lias accumulated Effect of changes 
sufficient power to restore the former condition. The opposite effect in the level of 
will result from a fall in the surface. These efleets will he greater for the tlie & ulf surface - 
same amount of change of level of the gulf in proportion as the discharge of the river 
is less. Indeed we might from these causes anticipate inward and outward movements 
of salt-water over the river deposit, and that they will he greatest during low water. 

As already explained in Chapter II, tlie tides of the gulf at the mouths of the 
Mississippi are of the diurnal or single-day type, being, when the moon's 
declination is least, scarcely perceptible, and, when greatest, about 1.5 Tidal currenta - 
feet. 

The investigations of the Coast Survey have also shown that the tidal wave 
approaches the mouths of the Mississippi from a southeasterly direction. With this 
tidal wave there is. near the coast, a tidal current in the same general direction. The 
tidal wave lifts up the river current in the gulf, and the tidal current passes under it, 
though checking it tu some extent in so doing. The direction of this tidal current is 
modi tied by its contact with the river current, and to a greater degree by its contact 
with the outer slope of the bar deposit. In the case of the Southwest pass, a flood-tide 
brings a current from the southeast, which is changed to a southwesterly direction, more 
westerly than that of the river current, by the bar deposit along the eastern side of 
the mouth of the pass. The ebb-tide is accompanied by a current from the opposite 
direction, whieh is similarly diverted by the deposit on the western side of the mouth 
of the pass, the direction being more southerly than the current of the river. Winds 
may change the direction and force of these currents, which, in mid-river current, at a 
depth of -iU feet, are shown by the observations to vary from 0.3 of a foot to 2.5 feet 
per second, the mean being about 0.5 of a foot. As a velocity of 0.5 of a foot per 
second is sufficient to transport the material of which the bar is formed, the action of 

* In tl ] tlio riror-tttiter U ilwtmgtu'slialile In the gulf at the distune of 2Q ut 25 miles from tlie liar; in low 

wiu«r, ut Ujc distance of 5 or 10 wiles. 

57 
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gulf currents in carrying into deeper water the material pushed by the river into the 

gnif is evident. 

In the Hood stage the river current has sufficient volume and force to keep the 
gulf water and tidal currents outside of the outer crest of the bar, and there is there- 
fore no tidal current into the mouth of the pass. In the low stage, when the volume 
and (brce of the river current is greatly reduced, the gulf virtually occupies the mouth 
of the pass, and the tidal currents move over the bar. 

Winds at the ^ lQ wniL ' s aM a freat disturbing agency, since, by changing the 

mouths of the level of the gulf and creating currents, they produce anomalous effects 
Mississippi. at t j ie mul]t j ls f t i lt , r i vcr . Their general character becomes then an 

important subject of investigation. 

Diagrams of the winds have been plotted from the ,; Anny Meteorological Observa- 
tions T1 for five years at Key West, from 1850 to 18G4, and also for the year from June, 
1851, to June, 18-32, at the same place. Similar diagrams have heen made from the 
wind observations of the Mississippi Delta Survey, at Fort St. Philip find at Carrollton. 

The great resemblance between the winds at Key West and those near the mouths 
of the Mississippi is apparent when these diagrams are compared, liolh have fn part 
the characteristics of the northeast trade-winds. Blowing chiefly between northeast 
and southeast, they veer toward the south as the summer approaches, and continue to 
blow from that quarter and from the east during the summer and early part of the 
autumn; changing toward the north upon the approach of winter, they blow princi- 
pally from that direction during the winter months. It is not intended, however, to 
decide upon the character of these winds, and to class them definitely among the trades. 
The topographical features and physical condition of the basin of tbe Mississippi, and 
its position relative to tbe great bodies of water lying south of it, must modify the 
character of the great normal winds described by Proi'r--s<<r lb my, in his papers upun 
Meteorology, and perhaps produce along this portion of the gulf a resemblance to the 
trade-winds. 

The influence of these winds upon the form of the delta is apparent. Thus, for 
Their effect upon 8C ' vem l months in the year, the wind oil' the mouths of the Mississippi 
the form of the blows from tbe southeast, and it will be observed that tbe chief (lis- 
delta " charge of the Mississippi is made by mouths in directions nearly at right 

angles to this; the South and Southeast passes — the exceptions — discharging only one- 
lift li of the river water. The general direction of the shore line tor 40 miles on either 
side of the Mississippi is also perpendicular to the direction of these prevalent winds — 
all pointing to a powerful modifying effect on the delta formation, 

But the action of the winds is not confined tu so general results. Thus, in the. 
-rh ir ff t report of the Superintendent of the <_'oast Survey for 1863, it is shown 

upon the level in a paper Upon the tides at Key West, Florida, based upon observa- 
of the gulf. ti(mM uuulo t]wre rrom J|me L iggx, to May Mi, 1852, that tbe mean 

level of the water in that harbor increases in height regularly from January, when it 
is lowest, until September, when it is highest, at which time it begins to descend and 
falls until January, The dill'creuce of elevation is II.S of a foot, This change of level 
is attributed to the trade-winds, which for six mouths in the year tend to elevate the 
water iu the harlior, and for the remaining six months to depress it. 
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A similar case exists at Aransas bay, Texas, where, as stated by Mr. A. M. Lea, it has 
been noticed that an island, winch is never covered by water during the winter, lias 
always a depth of about one foot upon certain portions of it during the summer. 

The observations made by this Survey upon the level of the lakes and gulf, detailed 
in Chapter II and Appendix B, fully accord with these facts. They show that during 
the winter of 1S51, when the winds were northerly, the gulf was nearly a foot lower 
than during the succeeding summer and autumn, when the winds were chiefly southerly 
and easterly. It should, however, be added that the level of the gulf at the mouths of 
the Mississippi is doubtless affected by winds at a distance, which may not entirely 
correspond in direction and force with those in that immediate locality. Indeed, it is 
noticeable in the observations, that a change of level in the gulf does not immediately 
follow a change of direction in the wind, and it may not occur at all if the change of 
direction is of brief duration. 

The effect of these periodical changes of level, is important in an economical point 
of view; for they occur with sufficient regularity to justify the statement that the least 
denth of water will be found upon the bars at the mouths of the Mississippi at the 
time when the greatest number of vessels is obliged to pass over them, the active 
business season of New Orleans being from the middle of November to the middle of 

April.* 

The effect of the gulf currents created by these wind oscillations, in abrading the 

bars ftt the mouths of the Mississippi, is, of course, similar to that in- Their effect 

dueed by the tidal currents. Indeed it is the more powerful, as already upon the bars. 
indicated in describing the latter. 

It is now easilv perceived how, with these various and powerful forces at work, the 

eddy current at lite meeting of the fresh-water and salt-water is partly, Tke e(ld CQr . 

sometimes entirety, effaced. During the river Hood, its existence can rents have no 

onlv be detected when there is no tide, and when the air and sea are f^^fJFfv. 

« ■ *••<« agency in cut? 

calm. During tin- low-water stage of the river, the principal move- formation of 
nients over the surface of the bar are those of the gulf currents, which tlie bars ' 
thus obscure the eddy current. Even in the short transition periods, when the river dis- 
charge is large, but not sufficient to remove the salt-water from the surface of the bar, the 
tidal or wind currents passing over the bar, into and out of the river, increase or diminish 
the eddy current so that it may appear to be much greater than it really is, or may he 
entirely effaced. In (his condition of the river the eddy current is probably stronger 
than at any other time, because, the velocity oi* the river current being considerable and 
the depth of salt-water on the bar being small, the vertical exteut of the eddy is very 
limited and its velocity proportionally great. 



' To HrtsS DseiftatfOne, it a thought, should be attributed the oxtraordinary shoaling of the bars at the mouths of 
the Mississippi tlmt is said in have taken place In die early part »( the winter of U58-9. Upon examining tin.* gauge 
observations at Carrclllon— the nearest point to the innuili at which observations were made— it will u> found that 
llir wind there blow si! must incessantly from (In* northward daring the Iftttftr pari of December, IfioB, and during Janu- 
ary Kid ili» - Brst pari of February, 185&J and it appears to be probable tlmt from this tjaoae iln> depths opon the 
ban "f ill" Mississippi were materially leu Hum they were during tlie preceding summer and eurly fall. Darin-; the 
months of December, 1(07, and January mid February, 1958, there was mueh eulm weather and tlio proportion of 
northerly winds to the whole number was not nearly, iq great ns during thfl winter of ls5s-i). As a flonaequeruje, the 
depth ni' water upon tiw bar traa greater. 



402 REPORT ON THE MISSISSIPPI RITEK. 

These observed facts expose the fallacy of the theory recently advanced (in 1851) by 
an American engineer, that eddy currents are the governing agency in the formation of 
the bars at the mouths of the Mississippi.* 

Mud tump*. — All the changes and modifications that the bars undergo have now 
been enumerated except one, which, so far as it affects navigation, is 
mud lumps. of great importance. This change is the sudden rising, upon or near the 

crests of the bars, of masses of tough clay, varying in m& from "mere 
protuberances looking like logs sticking out of the water." to islands several acres in 
extent. They attain heights varying from •:> to 10 (in one instance 18) feet above 
the surface of the gulf, Salt springs arc found upon them, which emit inflammable 
gas,-;- After the lapse of n considerable time, many of these springs cease emitting gas 
and water, and the lump is worn away by the currents of the river and gulf. The 
origin of these mud lumps has been the subject of mueli speculation, By some their 
source is supposed to lie at a great distance inland; by others, in the river itself; the 
communication between the lumps and their source being maintained by permeable 
strata. Others have concluded that their origin was due to the generation of carbine I ted 
hydrogen gas in the vegetable matter which forms a part of the sedimentary material 
brought down by the river and deposited in the gulf. This gas constantly increases in 
quantity, and being covered by the tenacious, clayey mud of the bar (which the investi- 
gations of Lieutenant-Colonel Long, Topographical Kngineers, show to be rendered pecu- 
liarly tough by contact with salt-water) forms constantly expanding reservoirs. These 
extend until the increase of size and escape of gas adjust themselves to the supply of the 
hitter. After a time the material for the generation of gas begins to fail, and the activ- 
ity of the mud lump to diminish. In the operations of tin 1 contractors fur the removal 
of obstructions to navigation in 1,858, some of these lumps upon the bar of the Southwest 
pass, which had not yet reached the surface of the gulf, were broken by explosions of 
gunpowder. A strong ebullition of gas over a wide space continued fur more than 
twenty minutes after the explosion; and the surface of the bar, within an area 100 feet 
in diameter, was found to have sunk, and to have assumed the shape of the crater of an 
extinct volcano. This fact favors the views of those whu have attributed the origin of 
the mud lumps to the material existing in the bar. 



* The repnrl of M. k. SiirrtH. Hpon tile Improvement uf ihe Months of the Ithonr, published in tg47, 
contains the sumc theory, although nut endorsed by ilmt engineer, lie attributes a tu M. Aiiiift. The theory in 
briefly enunciated in the following literal translation of the language used in the. report; "The river current, iu 
gliding iiinm the stui, produced a counter citrrenl beneath it. in tin.' form of an uddy. which, rubbing against the 
bottom, CAtriad bftek into the river tin- eurlh\ mati.-r thai had I'.illi'ii from its waters to tin' bottom of the sea." It 
may bo added that tin. 1 coiMvu.-ii-Ju of parallel jellies at the principal month uf the Rhone, tts reeumniontled hy 
,\1. BorrolL, deepened the channel over the bur. and thus practically demonstrated the fallacy of th hly i henry. 

t Major A. 11. Bowman, United States Corps of Engineers, who mode a rorvey of the Southwest pass in 1S28, 
slates that he burned ihe gas cnllceted from these mini lamps, Mr. W. II. Sulell, une of I he principal assEstatrfs in 
tho Survey of Captain Talcolt, stiitos spooiflcitfly that the |fM gscnpistg i>"ia them was inflammable. Sir Ulnirlew 
Lyell Botes, on the authority of Mr. ltriugier, thai during the excnviUion ol the new canal, inflammable gas escaped 
from the disturbed earth. 



M U T IIS P T II M M I S S I S S I P P I. 453 



l'l.ANS l'OR INCREASING TltK ttEFTH ON THE ISA US. 

Before Staking any recommendations upon this subject, a brief resume Outline of the 

of what has already been done to improve the navigation at the mouths history of opera- 

, - l tions upon the 

of (he Mississippi will he given. bars of the 

Operations itptm lhr. burs of the M$XBifi#ippi, — The liars at the mouths Mississippi. 
of the Mississippi river are always forming, and a perpetual annual 
expenditure must he incurred to increase permanently the depth of water upon them. 
In this nil engineers who have written upon the subject 'agree. The appropriations 
made by Congress for that object, however, have been given irregularly and at inter- 
vals of several years; so that the deepening of the channels effected by one appropria- 
tion ban been filled in long before the passage of the next. To be of practical benefit 
to navigation, the depth of the channels must be permanently increased, — a condition 
that could never be attained under the system of appropriations heretofore followed. 

When the first appropriation for improving the navigation at the mouths of the 
Mississippi was passed, in 18->7, an extended and elaborate survey of 
the passes, mouths, and approaches was made by Captain A. Talcott, mlltim^™' 

United States Corps of Engineers, under the direction of the Board of 
Engineers, and the plan of deepening by dredging with buckets was recommended. 
This plan was approved by the Board of Engineers, sanctioned by the War Depart- 
ment, and carried into effect as far as the appropriation admitted. The plan was based 
upon the supposition that a work thus begun would he continued by further appropria- 
tions, but no other was made until 18o2, wben the sum of $75,000 was appropriated, 
embarrassed, however, with the requirement that the work should be done by con- 
tact. 

A Board of officers was then appointed, by direction of the War Department, to 

report a plan of operations. The Board recommended : — 

I si. That the pmccss of stirring up the bottom by suitable machinery Second 

, i,i 4 ■ i appropriatioa, 

should be tried. 

2d. If this failed, that dredging by buckets should be tried. 

8d. If both these modes failed, that parallel jetties should be constructed, 5 miles 
in length at the mouth of the Southwest pass, to be extended into the gulf annually, 
as experience should -how to be necessary. 

-Uli. Should ii be then needed, that the lateral outlets should be closed. 

Finally, should all these fail, a ship canal might be resorted to. 

The recommendation of the Board to dredge by stirring up the bottom was approved 
by the War Department, and a contract wa* accordingly entered into for deepening the 
Southwest pass to IS feet. The contract was successfully executed, and a depth of 18 
feet obtained in 1853, No further appropriation was made until LSoi>, and, as antici- 
pated, tm trace of the deepening was left in 1865. 

In 18*56 $330,000 were appropriated for opening and keeping open, Third and last 
by contract, ship channels through the bars at the mouths of the South- appropriation, 
west pass and pass a ['Outre. 

1'iion the passage of this appropriation act, thai Bureau of the War Department 
havim' charge of the work invited proposals for its execution by contract, in accordance 
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with the terms of the act, and a Board of Engineers was convened to take into con- 
sideration the offers received. 

The Board recommended that the proposals of the New Orleans Towhoal Associa- 
tion to open and keep open the Southwest pass. In' .stirring up the bottom, should be 
accepted, there being no question of the practicability and efficiency of the mode pro- 
posed to execute the work; and that the bid of Messrs. Craig and Rightor for opening 
and keeping open the pass a FOutre fur live years should be accepted, for /he purpose, 
rw stated, of iiin/)li»ij /hi- It'uhh-rK htf actual experiment, to prove the practicability and <\(li- 
cieiivj/ of the modes hi/ lokich'ifteg proposed to do this loork. Their plan was that of dosing 
minor passes and of constructing parallel or converging jetties on the bars. The Hoard 
stated it had great doubts of the practicability of the constructions proposed; and of 6h* 
efficiency of the plan, should the work be constructed; but that au important point, 
would be ascertained by its failure or success. Upon the report of this Board, the Sec- 
retary of War made the following decision: — 

" If the mode, proposed by the Messrs. Craig and Rightor to open and keep open 
the pusses of the Mississippi is sufficiently feasible to justify a contract with them for 
the pass a l'Outre, as recommended hy the Board, it is not perceived upon what, ground 
their bid for the Southwest pass should be rejected, since they propose likewise to open 
and keep open that pass for a less sum than any other bidder. Should their plan lie suc- 
cessful, the appropriation will suffice, on the terms they propone, to secure for five years 
a depth of 20 feet in both channels. If their plan should prove impracticable, the 
experience of five or six months will probably demonstrate that fact, and if it should 
then be necessary to resort to other methods by new contracts, the delay could not lie 
very injurious to the commerce of New Orleans, as the period, December 1, 1 HOT, at 
which the preferred bidder for the Southwest pass proposed to complete the channel of 
18 feet depth, is so remote, and occurs so late in the season of trade at New Orleans, 
(hat the character of vessels destined Ibr that port would scarcely be changed before 
the succeeding season. Neither is it believed, should it be necessary to make new con- 
tracts, that any loss would be sustained by inviting new bids, as those now presented 
for the execution of the work by tried means are not sufficient, by any combination 
which can be made of them, to open tin- passes and keep I hem open for one year. 

"The hid of Messrs. Craig and Rightor will, therefore, be accepted for both passes, 
due care being taken, by the terms of the contract, to insure the prompt commencement 
and steady progress of the work, and sufficient guarantees will be required that the 
channels will be kept open for the whole period of live years." 

Contracts with Messrs, Craig and Rightor were accordingly entered into by the 
Bureau, ibr opening both channels 20 feet deep, and maintaining that depth in them 
four and a half years. 

The duty of the officer of the War Department connected with this operation was 
limited to marking out the channel to be deepened, and ascertaining, upon notice from 
the contractors, whether the contract bad been fulfilled; that is, whether the required 
depth had been obtained and subsequently maintained. 

The contractors began (see figure 2, [date XX) by building on the east side of the 
Southwest pass a jetty about a mile [obq composed of a Single row of pile planks, 

strengthened at intervals by piles, Portions of this jetty were carried away by storms; 
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and the contractors abandoned the plan, convinced that they could not, with their means, 
effect the desired result in that way.* With the sanction of the Department, they then 
resorted to stirring up the bottom with barrows and scrapers, dredging with buckets in 
some places, and blasting the mud lumps. \$y these methods they succeeded by June 
and September. 1858, in opening the two channels to a depth of 18 feet, their contract 
having been modified that year, in respect to the depth; and as long as the process of 
stirring up the bottom was continued by them, the channels preserved the requisite 
depth* 

But in the hitter part of 1S58 those parties refused to comply further with their 
contracts to maintain the depth of 18 feet In the channels for a period of four and a 
half years; and, in consequence of their failure, the winter of 1858-9 passed without 
any work being done upon the bars. A new contract was entered into with other par- 
ties for deepening the Southwest pass, but they, likewise, failed to execute it. 

The Department, in compliance with the impropriation law, having thus opened the 
work to competition in respect to plans and methods to be used, as well as cost, and 
having thus failed to secure a continuation of the work, was forced to resort to a con- 
tract for the use of steam .dredges and machinery, to be employed under the direction of 
its officers, who, for the first time since 183/J, with a remnant (670,000) of the appropria- 
tion of 1856, conducted the operation of deepening the channels. The plan used was 
that of dragging harrows and scrapers along the bottom of the channel seaward, thus 
aiding the river ilood in carrying the stirred-up matter to deep water. In the low stage 
that material was transported chiefly by the machinery itself. The plan proved to be 
successful; and a depth of 18 feet was maintained upon the bar for the period of one 
year at a cost of 8o0,000. 

Ji'rri»tniii-it<Jtifio)ix /<w Linprcyvvng the navigation <it On months. — The development of 
the laws which govern the formation of the bars has removed alt un- Classification 
certainty as to the principles which should guide an attempt to deepen of plans of 
the channels over thetn. The erosive or excavating power of the cur- improvement. 
rent must he increased relatively to the depositing action. This may be done either by 
increasing the absolute velocity id' the current over the bar, or by artificially aiding 
its action. To the first class of works helong jetties and the closure of lateral outlets; 
to th'- latter, stirring up the bottom by suitable machinery, blasting, dragging the 
material seaward, mid dredging by buckets. These plans are all correct in theory, and 
the selection from them should he governed by economical considerations. 

If the excavating power and depositing action of the Southwest pass had been equal, 
when the yearly advance of the liar was 700 feet instead of 338 feet, ^^ ai f e tti B s 
the Least depth upon it would have been 21 feet, This increase of 
i -,. avating power may be obtained by constructing two converging jetties, beginning 
where the depth of 'J.'l feet is found, and extended to that depth outside the crest of the 



* A in til hi On mid here lie directed U) the feet ihtvt the plan of jellies bas not really been tried at the month of 
the \lis-.i--i]ii'i, n- ibt cwtMcton merely built i>ne insecure Jetty, uf a single row of pile planks, about a mile long, 

whereas iln 1 Boftrditf 1852 reconnneiideJ jetties S mile* long m eaeli side of tin; rim Leaon 111 feet wide, composed 

ni' piles :' Ita1 apart The p'*" oas keen tn " tl - however. ul l " 1 ' principal mouth of the Rhone, a delta river like the 
Mississippi, and bas effected the desired increase Of th-pili. Tin: phm win mhiptod by the French Government, after 
ii lull discussion of Un- whi.li subject by the engftwet in charge of the work. 



450 REPORT ON THE MISSISSIPPI RIVER. 

bar, which would give them a length of about 2.5 miles. The experience gained in the 

progress of the work should determine where the convergence should cease and the 
parallelism begin. The erosive action should be aided at first by dragging and .scrap- 
ing the hard portions of the liar. The depth of 21 feet thus obtained must be main- 
tained by the annual extension of the jetties 701 > feet into the gulf, and the reduction 
of the mud lumps by suitable machinery whenever they begin to appear. This rapid 
extension of the mouth of the pass into the gulf would tend to increase the volumes of 
the shorter passes at the expense of its own, and it would eventually be necessary to 
resort to another pass for the continuation of the {dan. 

The plan of stirring up the bottom by dragging harrows or scrapers over the bar b, 
no doubt, the most economical and the least objectionable. As already 
iueiided COm ' shown, during the low-water stage and part of each transition stage, there 

is often dead water or a refluent current on the bar. The operation 
should therefore be limited to the flood stage, during which there is an outward 
current on the bur. Tins stage, it will be remembered, usually continues about six 
months in the year, but its exact duration in any season may be readily determined by 
observing the oscillation of the river at Carroll ton, where its commencement reads 
about 11.0 feet on the Delta Survey gauge. (For bench-mark see Appendix B.) After 
the remarks upon the frequent variations in the mean level of the gulf, it need hardly 
be added, that no exact estimate of the progress of the work can be formed without 
careful daily gauge observations at the pass itself. 

In conclusion, it should \m stated that no plan whatever will prove of any material 
benefit to navigation, unless a permanent fund be provided, untram- 
oerman^nT fundi Ill( -'^ et ^ U .Y restrietiou as to the mode of expenditure, from which a suf- 
ficient sum annually can be relied upon for the continuous prosecution 
of the work, after as well as before the channel has been opened to the desired depth. 
The bar is constantly forming, and must therefore he constantly removed. 
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SURVEY OF THE MOUTHS OF THE MISSISSIPPI BY CAPTAIN TALCOTT, 

IN 1838. 



No. [.— EXTBACTS FBOM THE REPORT OF CAPTAIN A. TALCOTT TO OOLONMi 3". G. TOTTIN, 

OIIIEP ENGINEER. 

New Eiuuiiro.Y, ;i()th .Inn nary, 1889. 

Sir:— 

************ 

17. To tin 1 reports of my assistants jiiifl the maps, as referred to in the 1st, 2d, 3d, and 4th 
paragraphs, I must ask your attention for information in detail, as required by paragraphs 2, 3, 5, 6, 
and 7 of your memorandum. 

is. My research for records of astronomical observations, made near the debouche of the passes, 
has been unsuccessful, except in a single instance. In the spring of 1801, Don Jose" J. Ferrer made 

vntious for the latitude of the bar of the Southwest pass. He places it in 28° 56', and states 
that the observations were made on shore with a repeating circle and artificial horizon. (See 6th vol. 
Trana. Am. Phil Soc.) 

I had expected to find the bar of this pass something farther south at the present time, but, so 
far from it, the most southern point of the curve of 3 fathoms is now found to be in lat, 28° 56' 22", 
and what would he considered "the bur," is something farther north. 

19. Such old charts as I have been able to collect are also submitted. On one we find it 
recorded that the latitude of old Fort Ilalize, from astronomical observations, is 29° 00'. The old 
magazine, which U still standing (see sketch), is found to bo in 211" 05' 58". 59, a very near coin- 
cidence. The same old chart presents a very different appearance of the Northeast and Southeast 
passes ami Ilalize bayou to those furnished at the present date. 

20. The only chart of the passes that appears to have been projected from actual survey is that 
by Gould, from his surveys, carried on from 1764 to 1771, in the gulf of Mexico. Could projec- 
tions of this survey bo obtained, on a scale sufficiently large for comparison, I have no doubt it would 
afford correct data from which could be ascertained the changes wrought in the lapse of seventy years. 
All the copies of tlie chart that I have seen an' on a scale too small to bo of any value as a medium 
of comparison for that object. (See title of the chart annexed; also, Sailing Directions for Entering 
the Mississippi, translated from a Spanish work.) 

21. At the sorest ion of Major Chase, the line of a ship canal, as projected by him in report of 
the 9th February, l!S:J7, was embraced in the survey. It resulted in showing a fine ship channel 
leading up lo where he proposed it should debouch, and the perforation of the ground to a depth of 
1U feet indicated a firm bottom of sand mixed with mud, tenacious of water, and altogether such as 
would he considered favorable for excavating, and on which there would be no difficulty in securing 
a foundation for locks or structures of any kind. The difference of level between the high water of 
the river ami low water in the bay is ordinarily 3,8 feet, bat when the level of the bay is very much 

(in) 
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depressed by a northwest wind, it maybe as groat, and I am informed has been 4.S feet at the canal, 
a few miles below. The canal jnst referred to is about !' miles below Fort Jackson, ami affords a 
communication between the river ami West bay for small vessels. It is furnished with a lock, for 
locking down from the river to the bay. The proprietor informed me that, during the low stage of 
the river, it was no uncommon occurrence for the water to run from the bay into the river, when tho 
wind was favorable for elevating the water in the bay. 

During hurricanes, the waters of tho hays are elevated to a great height above the river level, 
and sometimes above its banks, over which it rushes with destructive violence to buildings and 
improvements on this part of the delta. 

1 was informed by the ordnance sergeant stationed at Fort Jackson, that during a severe hur- 
ricane, in ISSOj the water rose to the spring of the arches of the embrasures. Captain Davis, of the 
steam tow-boat Dot-poise, who was ascending the river at the time, and some distance above Fort 
Jackson, informed me that, when the bay water broke over the river hanks, it was full 4 feet above 
that of the river. 

22. The surveys above the point of divergeuce. were not commenced until about the end of , Inly, 
when a sub-brigade of four assistants, organized for that purpose, commenced the field labors, which 
were continued until the middle of August. The result of these is exhibited on Map No. 2, on a, 
scale of ffj!$s- 

23. The irruptions of mud, which are constantly occurring at the mouths of most of the passes, 
is an interesting feature, and one which must have an influence in projecting any plan for improving 
the natural entrance. As to the Immediate cause of these irruptions, I must confess ignorance; nor 
is it important to the success of the improvements that it should be known, as there is little hope that 
it could be removed or counteracted. 

The effect of these irruptions is to obstruct, and frequently to change, the channel. Their 
tenacity is such that it requires a long time for the current of the river to remove them, although 
its velocity is generally very great. 

All of which is respectfully submitted by 

Y our obc. li en t ser va n t, A . TALC OT T . 

Smi.iVi. IIii<i-:i 'i loss ion Kvi'KKIM: ink MISSISSIPPI, TSAHSI.ATfD fKOM A SPANISH Work, 

The true delta of the Mississippi is called tin' I'iishm, where the river is divided into four parts 
or iii'aiieln's, formed by low, swampy lauds. Their mouths form nearly a circle. The first pass runs 
to the southwest, the second to the south, the third to the east, the fourth to the northeast. All 
these passes take their names from the directions in which they run, und the last named, or North- 
east, is also called, u I'Outie. 

Of all these passes, that most frequented, because of the greater depth of water on its bar, is 
the East, where there is a look-out to make signals and to advise mariners of their situation; and 
here also pilots can be obtained to take vessels into the river. 

The entrance to this pass, as to all the rest, is so Dutch of landmarks, that it could not be 
known but for the flagstaff, where a large flag is hoisted when a vessel is seen in the offing. This 
flagstaff can be seen H leagues at sen, at which distance there is 40 fathoms water; mud, a 
sticky clay, in some places mixed with fine sand. The flagstaff is situated east and west with the 
entrance. (let the flagstaff to bear west, and run for it until you get 8 or 10 fathoms, which will be 
1 mile from the bar, when it is best to anchor. The flagstaff bearing west, it will be better to have 
it bear to the south of west, than to the north, in order that you may he to windward of the entrance 
of the bar. At high tide there is generally from 1'2 to Dl feet water, and in extraordinary eases 
from D*j to 10. Its length is 1 league, counting from the entrance to La Fourche or the forks (as is 
likewise called the place where it joins the principal trunk of the river), where there is front 4 to ft 
fathoms. The depth increases as you proceed up the river, which is navigable to the very banks, 
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until you arrive at Now Orleans, which is situated on tho east batik, when you moot' to tlie bank 
witK a plank to the land. 

The entrance of the river is found by those who are acquainted, ami docs not require a pilot; 
but it is advisable that strangers should procure one. The soundings of all the passes is muddy 
bottom, and at o* leagues out you find 50 or 60 fathoms. (Derrotaro dc las Idas Antillaa, de las 
Castas de Tierra firms. Madrid, 1810. Page 43L) 



(to. 2.— IlEPORT UP ASSISTANT W. II. HIPELL TO CAPTAIN TALCOIT. 

Sik:— 

Tbe following is submitted as a report of the operations of the first brigade of engineers acting 
under my orders, ami employed in the examinations and surveys deemed necessary in forming a pro- 
ject of improvement of the entrance of the Mississippi river. 

The nature of the duties required arc thus explained in a memorandum, of which a copy was 
furnished nic. I give the substance. 

The work believed to be necessary, previous to forming any plan for the improvement of the 
navigation of the month of the Mississippi river, is— 

1st, Exact surveys of the brandies from the point of divergence to the mouth, with the shoals 

at ihe mouth, and of the gulf out to fathoms at least. The latitude of one of the mouths to 

he axed, and, by a great triangulation, the actual latitude and relative longitude of the other mouths 
to be ascertain BtL 

2d. The actual slopes of the surface of the river from the point of divergence to the mouth, at 
the time of freshets, and at other times, to be known. 

3d. The actual velocity of the river, and far out into the gulf, to be determined. 

4th. The quantity of earthy matter held in suspension by the water at different seasons of the 
year and at different places, to he ascertained. 

5th. The speeifie gravity of the thud, within and without the bar, to he determined. 

6th. Observations to be taken to ascertain the existence of a littoral current, if it exists, and its 

effects. 

7th. Observations to be mode to determine the changes that have occurred during the time 
employed hi the survey, and to leurn if these depend on an alteration of the bottom or the surface 
of the* river, when they occur in the shoals at the mouth. Also to determine, if practicable, what 
changes have ..ceurred in i lie gulf iu the lapse of years. 

The operations of the first brigade hearing on each of these points will lie stated in the same 
order us they Wd shove set forth. 

The country in which these operations were performed may he thus described: — 

The Mississippi river, at its deboiiehc, divides into several channels, called "passes." At the 
highest or main point of divergence there are three of these pusses, to wit, the Northeast, South, 
and Southwest passes. They are from IS to 23 miles in length. The Northeast pass more 
nearly rescoiMe- u continuation of the river than the others, from its capacity and the fact that 
other* passes diverge from it. The South pass lies more in the direction of the stem of the 
river, while the Southwest pass is the longest of the three. Following the course of the Northeast 
paSS about 3j miles, another pass diverges to the left, called pass h l'Outre, from which again, 
urir its head, still another pass branches oil' to the left, called pass (Jheval. Tins is known on 
t 'at. lain Delalield's tnip by the name of Flaherty's bayou. Pass a l'Outre and pass Cheval throw 
nil" to the right and left uiauy bayous before they reaeli the gulf. Following again the course of the 
Northeast pass, below pass a l'Outre, we come, at about o miles distance, to a pass or large bayou 
00 i he right called ba vi iu Bullae, on the banks of which, near its head, is the pilots* settlement, 
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willed " the Baliafe." Tins was once the main channel. Two miles below this the Northeast pass 
divides into two branches, that mi the l"ft retaining the name of Northeast pass, while that on the 
right is called the Southeast pass. Besides the main divergence of these three branches, there are 
other channels between the Northeast and Southeast pass, the banks of the hitler being hj no means 
well defined. 

The hanks of the lower part of the river, the passes, and bayous appear to have been formed 
by the alluvion; for they are no more than long strips of land, half overflowed and covered with 
reeds. The firmest or dryest parts are near the water's edge. Between the peninsulas thus formed 
by the passes, there will of course be large bays, ;ind the same remark applies with respect to those 
form I'd by the bayous. 

The names given to these hays are as follows: that between the Smith pass and Northeast pass 
and bayou B&lixe is known us Garden-island bay; between bayou Bailee and the Southeast pass there 
is no well-defined hay, because so many bayous empty there that it is nearly all formed into laud; nor 
between the Southeast and lower point of the Northeast pusses, because they are so near to each 
other, and there are ho many communications between them. Between the Northeast pass and pass 
I I'Outre lies Blind bay. f here is also a pond near the point of divergence "bleb b separated from 
Blind hay only by a gmup of grassy islands. It appears to have once formed a part of Blind bay, 
and these islands, which are still growing, appear to hare accumulated gradually till the separation. 
Between pass a I'Outre and pass Cbcva), the bay has no name. Outside of pass l.'hcial is the gulf of 
Mexico; bat the appearance of the numerous islands gives reason to the belief thai these was at one 
time another pass or large bayou to the north of pass t.'hcval, which, ceasing to flow by becoming 
Choked, or other cause, was finally washed away by the waves of the gulf, leaving these islands as 
the only evidence of its former existence. Tradition supports this belief. This sweep of coast is 
called bay Sonde, said to have been so called from its shape when enclosed. Now that part of the 
delta lying to the north and east of a line passing through the middle of Garden-island hay, which 
includes the land above described, was assigned to this brigade, and to it the statements of this 
report are applied. It is called, for distinction, the first division. 

For the survey the method of triangulation was adopted. A base of about 2 miles was 
measured on a sand reef near the mouth of the South pass. (Sec Sub-Report J J.) The greatest 
care was observed to obtain it with precision. From this a great triangulation was spread over tho 
part of the delta above described. A smaller triangulation was connected with it, and from the two 
a still smaller triangulation traced the passes ami principal bayous. The filling up of the shores, etc, 
of the bays was effected by means of the plane-table, which work was also made to depend on tho 
well-established points of (primary and secondary triuiignhitinii. The form of the bottom of tho 
points covered with water was obtained by sounding, and the means used to obtain the place to which 
each sounding belonged may be thus described: In the bays where there was no current, where the 
bottom was uniform, and where moreover it was a matter of comparatively small importance to 
obtain very accurate knowledge, soundings were taken between established points, the boat rowing 
uniformly, and the distance divided into intervals nearly equal, being modified by the circumstances 
of the wind, etc. In one of the buys, however — Blind bay — the method was more accurate. 

In the ]>asses, nut near their mouths, the places trf the soundings were obtained by rowing the bout 
from one known point on the hank to another on the opposite bank, an observer with an instrument 
being placed at a third point, who took observations to the boat at every cvmi minute, at which time 
also the soundings were taken. The intersection of the lines of these observations with the line of 
the course of the boat would give the [daces of the corresponding soundings, 

For the soundings of the bars, the outside soundings generally, and the part of the passes near tho 
bars, a plan was pursued which deserves particular notice, because it is tow, ami, for accuracy, con- 
venience, and quickness of execution, surpasses any previously known method. 

It is due to Mr. II. A. Norris, an assistant engineer of this brigade, It is thus: At two points 
on shore, fixed by the triangulation, observers arc placed with theodolites. One of them is supplied 
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with a chronometer, or other accurate time-keeper, ar >d several signal-flags; he has also an attendant, 
to manage them. The other observer has also an attendant, whose duty it is to watch the signal-flags 
of the first observer ami communicate them to his principal. The object of this arrangement is to get 
simultaneous observations on the boat at given intervals of time, which is effected thus : A few seconds 
before the given time a signal-flag is hoisted, at which eaeli observer directs the telescope of his 
instrument at the boat, and continues to follow its motion by means of the tangent-screw. At the 
given instant the signal-flag is jerked down, and the instruments left to be read in their last position. 
The engineer in the boat has also a chronometer, and his soundings are taken and entered in bis 
book at the corresponding times. 

On return from the field, the observations for that time arc copied from the hooks of the observers, 
opposite the proper soundings, and the places of the soundings on the plat are by this means fixed 
with trigonometrical accuracy. 

There are several signals to provide against delays, adjust time-keepers, give notice of derange- 
ment of instruments, cessation of work, etc., which cannot be detailed here. Mr. N orris himself 
presents an account of it in Memoir B, 

One of the advantages of this method is the great rapidity and ease of its execution; hut those 
which render it peculiarly advantageous on thk work arc — 1st, the absolute correctness of its results; 
2d the facility whh which it traced the sinuosity of the shores and bayous, and noted the accidents 
of the bottom ; and Cd, the ease with which the same localities may be resumed and sounded after it 
[apse of time, merely by preserving [he. places of the observers on the shore. Every other method 
has a degree of looseness which would be inapplicable to a survey witli the objects of the present ; 
and this consideration may he sufficient to justify me in giving so much space to its exposition. 

llavin." thus explained the manner of conducting the survey, I refer to the maps for the results. 
There are two principal maps, which embrace the whole of the work of this brigade, vis:.: a map 
marked A, containing as much of the stem of the river as was surveyed by the first brigade, part 
of the Northeast pass, to the head of pass a l'Outre, pass :i 1' Outre itself, pass Cheval, parts of 
(;,ink'u-i>htud bay and Blind bay, with bayous, etc; and a map marked B, containing the remainder. 
Both these arc on a scale of one ten-thousandth. Map 0, giving the Northeast bar, and so much of 
llit? tiass as Is necessary to show the whole formation of the mouth of that pass. Map marked I), 
showing the whole of the .Southeast pass, and map marked E, showing the bar, etc. of pass a 
future. Maps '■ ( '," " 1>," and '* E" are on a scale of double the sine of "A" and "B," or one 
five- thousandth. 

Ike latitude and longitude of a point having been accurately fixed, the trianguhtkm of this 
brigade connected this point with other points of the survey, and proper marks were left at these 
points, which may be referred to hereafter. 

Respecting the second reiiuir'-ment, "the actual slopes of the surface <d the river from its 
divergence," etc., this slope was (bund, from a point about 2 miles below the head of the passes, to 
be 1 feet. It was obtained by levelling across the laud from the Northeast pass to hay Rondo, The 
time allotted to the survey did not allow of its being taken many times. 

The actual velocity of the current in the river passes, and bayous of the first division was taken 
at surface, mid-depth, and near bottom, with the following results for the passes : — 

MEAN YKL0111TY OF ei'tlllliST. 

In sU'ti) ftf rivrt 3.7 feet per si-ruii'l, 

In S'orilicivat pm uIhjvc paai i\ 1'Ouirc ..-.. 3.9 " •* 

■t •• ljuiwccn puss h l'Uutrc and Ilitliic liftymi ;}.U 

it m below Southeast puss ;t *.i ■• " 

In SoatlO* P«« ■ • '-" -■" " 

j,-,., . v L'OutN Ntov ftsa<!fie?al Sy9 

*• pus* Cheval... ■ • ••>■ 2.15 

D«liM luiyyii • " • --- 3JI ' 
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Over the liar of the Northeast pass, the velocity at the surface ami at eight feet in depth was 
determined by observations from two instruments, continued for several hours, with these results: — 

HUILFM'K FLIP AT. KlfillT TKV.T TIXT.F, 

Pi. Jut -"'■. CI. [mT w. 

First observed ■- H.oii, .1 mile oui. Pint observed IMS, in clinnnol. 

Hitldle observation .......... 2.V1, l •• •■ Middle observation 1.''>I. 'i mil ," 

I.H-.1 observed *J.s."i, 2J " " Lait observed 2.18, J " " 

The above is the result of many observations, and the velocities stated are the mean of the sur- 
face, liiid-deptb, and bottom velocities. The mid-depth velocity, or mean, does not conform to that 
obtained by the ordinary formula showing the relation between the surface and mean velocities. 

It will be observed that these velocities are good for the day only on which tbey were observed; 
to be extensively useful, they should be taken at short intervals throughout the year, so as to take 
into aceount the fluctuations to which the river is subject. 

To ascertain the quantity of earthy matter, a number of experiments were performed, which 
resulted in showing 0.5S of a grain in 1000 grains of die river-water, or a little more than 3 ji' 0fl . Of 
this, much was sand. This bitter fact was shown by causing the current of the river to pass 
through an apparatus for diminishing velocity. The heavier particles of the water fell to the bottom 
of the appai'atus, and were collected in ah tin dance. 

Another experiment, in which (JUOO grains of water were left to settle in a vessel an inch and a 
half in diameter for an hour, showed that one-eighth of all the terrene matter in the G000 grains of 
water fell in that time, and of Una nearly the whole was sand. In fact, there is abundance of sand, 
of the same character with that found above, hi all parts of the passes ami on the bars. 

These experiments should he carried on through the year, but of this our time did not admit. 
Having determined the velocities of the several streams, and the quantity of earthy matter held in 
suspension, it added but little to the labor to ascertain the quantity of water, and, of consequence, 
of terrene matter discharged by the passes, as welt as over the main bars. For this, cross-sections 
of the streams were made at the places where velocities were determined. Both at the places of 
Starting and arrival of the iloats, the mean of these was taken as the mean section of the stream to 
which the corresponding velocity was due. The results for the large stj-eam are as follows : — 



NoriheanL pass. 



\I:iiu Iruuk of iln> river discharges 80H,6tl6 cubic feel prr wound. 

A bu vi! pus a M'Otllra Ir>7,. r i7] '< " 

Between pWH 1 1'Ontre iiti'i ball/I' hiiiou 276,280 '« 

DelOW tfuiuheasT piusa , 1811,14:! " " 

LoM by bayous bebiw lliis point 11,117 " "* 

Pass iLl'Oulro. \ liBlciw paHB i%wX discharges 188,214 " " 

L I.uss by bayous, eto 1S,i;^7 " >« 

SomUcasI plies discharges 78,914 " " 

liiiliie bayou ,. U,B12 " 

Pass ClieTitl (sum of brandies) <>,~<\l — •> 

The present and former channels of the Northeast bar are included between two mud islands, a 
little less than ;i mile apart; and through this Space about nine-tenths of the water finds its way to 
the gulf. Nine-tenths of the gauge below the Southeast pafiS, bayous deducted, is 15S,4i!8 cubic feet; 
this is the quantity of water that passes through the space in a second. 

The specific gravity of the river-water was found, as we shall show hereafter, to be 1.00038. 
Now, there are S59,081.6 grains of this fluid in a cubic foot, and as in each thousand grains there 
is 0,68 of a grain of sediment, the whole quantity of earthy matter passing in a day is equal to 
'221,014 tons. 



* At tvrn-i lords of a mile out, Ibe liitaral currant (pre tempore] Ufcoi and cliftagos tis direction noarly at right angle*. 
Tbe second velocity is Oiken al ft* turning-point, 
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We hiivc! seen that 169,214 cubic feet par second is the quantity of water which is thrown into 
pass u ['Outre : 1 8,t>S7 cubic feet pur second is lost before passing the bar; leaving 170,527 cubic 
feet per second for the quantity discharged over the bar. But this passes through two channels, and 
also over a shoal. The approximate quantity discharged from each is here shown: — 

Northern clinnnel, 97,800 cobk feflt 8f (Tfttot per ^eoni) give* 1:',i;,:;s'"i [oiia uf envtliy mailer j>er diem. 
Southern cliuiiuel. o-J.B 12 " " •• " 73, (',31 l» " " '* 

OvorsUiml, 16,016 " ii n .i '27J7b " " " " 

Total, 170,527 237,705 

By the same means we find that there passes over the Southeast bar 110,08-3 tons of earth 
per day. 

The two channels of pass a, l'Ontre correspond, as was before remarked, or will correspond, 
with the Southeast and lower part of the Northeast passes. 

These results apply to the time of the experiments only, though the river then appeared to he 
about its average state. 

The specific gravity of the fluid, within and without the bar, was also found by a series of 
experiments. Those within the bar gave, as an average. 1.0003:), distilled water being 1,0< 10000. 
Without the bar no experiments could give definite results, excepting those in the clear salt-water of 
the gulf, which was found to be 1.0245. The other experiments give a variety of results, depending 
on the state of the mixture. It is to be remarked, that the state of the mixture is different sit times, 
according to the then and previous state of the weather. For instance, when the river is high and 
the weather calm for several days in succession, the river-water, spreading itself on the surface of 
the gulf-water, extends directly out to a great distance, without mingling with the salt-water below. 
in rough weather, on the contrary, the agitation of the waves serves to mingle the waters, and when 
the river is low, the salt-water has been known to extend beyond the point of divergence of the 
passes. 

The observations taken for a littoral current were such as to induce the belief that none exists, 
at least within the range of our experiments. An inspection of the courses of the passes may lead 
to the same conclusion, for their degree of divergence appears to be equal in all directions, which 
would not be the case if there were a current to carry the earthy matter, which forms their banks, to 
the one side or the Other, 

Temporary causes may produce a current for the time, running in the one or the other direction, 
according to the influencing cause. Thus, when the wind has been blowing for a long time in ono 
direction, it banks up the water of the gulf, bays, and streams that lie in that direction; this pro- 
duces a return current when the wind lulls. The southerly winds, I believe, prevail, though at the- 
time we were there they were mostly from the north and east. 

The observations taken to ascertain changes of the shores, etc., during the progress of the work, 
Could not be very extensive, but, by inquiry ami observation, much information was elicited respecting 
changes that had occurred in times past and those now in progress. Nevertheless, changes of import- 
ance, though nut of great extent, occurred during the time of the work. The one most worthy of 
in i tire was this: The boat p0S9ed over a certain place on the Northeast bar, at the commencement of 
operations, oil which there was about 2 feet water. Before their termination a lump at this place 
projected 2 or 3 feet above water; a change which, by comparison with other known points, was 
shown tu proceed from a me of the bottom. 

This phenomenon is not uncommon, but, on the contrary, occurs frequently. A channel of 
entrance may he destroyed by this means, and, until another channel is formed, the bar will be 
impassable. The pilots and captains of tow-boats give innumerable instances of it. Ballast stonea 
.'Hid anchors, which have been thrown overboard or lost, have been brought to the surface. The 
lump.- appeal to he forced through the ordinary bottom by some power acting from below, but what 
may he the cause which produces effects so wonderful, future researches must determine, 

IS 
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As a knowledge of tins subject has an important bearing on some of the projects of improve- 
ment, a surmise will In* offered, after a fuller statement Of fact*. These lumps have, a peculiar 
appearance. In entering the mouth of the river they tony be taken for rucks, from their height, the 
steepness of their sides, their compactness, and the appearance of stratification produced by the 
cracks. In some eases they rise 3 or 10 feet nearly perpendicularly, and at one place there is a 
mound in the form of a truncated cone, ascertained to he at hast IS feet high. It is nearly inac- 
cessible, through the marsh or Hat that Surrounds it, By looking at the map of the Northeast bar 
it will be fouiul on the north bank near the cape, The material of the lumps is a clay, so fine- 
grained as to take the impression of a seal and receive a polish from the hand. When tried by a 
blow-pipe it first decrepitates, throwing oft' scales with considerable violence. By continuing the 
heat it. bakes like other clay, and finally vitrifies, probably by the agency of the salt, of which it 
oontains a snllieient ipiantity to give j| a strong saline taste, (hi many of these lumps are found 
springs of salt-water. The water issues through a well-defined crater, as firm on the sides as a 
chimney, generally about 6" inches in diameter, and, as the salt-water comes up through soft mud, it 
brings up some of that material with it, in the form of a very iiat cone, about the crater. This mud 
appears to lie the same material as that of which the lumps are composed. The surface of the lumps 
is so hard as to he penetrated with difficulty with a spade, awl the mud brought up by the springs 
bakes in the sun to the same consistency. There is an ebullition id' the water of the springs at 
considerable intervals, and inflammable gas escapes, probably light earlutrctted hydrogen. An 
attempt was made to sound these springs, hut there was so much soft, mud that the lead could not 
be made to go far without difficulty in withdrawing it. The greatest depth to which the lead was 
sunk was about 4 fathoms. Universal testimony goes to -how that no means have been employed 
sufficient to reach a definite bottom. It is believed that they extend to the original bottom of the 
gulf. It is to be noted, that the water stands iu the springs from 2 to 3 feet liiylier than the sur- 
rounding water of the river, though that is fresh, and the water of the springs has a greater density 
than the gulf-water. This latter fact, however, may be attributed to the circumstance, that the 
spring- water cm which the experiments were tried had been standing in pools for some time, and 
subject to concentration by evaporation. There was found amongst the mud of one of the springs a 
few grains of sand, white, and much larger than the sand of the river. These lumps vary in size, 
from mere protuberances, looking like logs sticking out of the water, to islands of several acres in 
extent. Pass island, at the mouth of the IJalize bayou, is one of a cluster of three large islands, 
which, from their general appearance and the existence of s:ilt springs in them, are known to have 
been upraised. This island has been for many years inhabited, and cultivated with success; in Fact, 
when vegetation commences on the tumps, it assumes at mice a more luxuriant character than tho 
growth of the ordinary land of the delta, which is no more titan marsh, producing reeds and coarse 
grass, with a few trees far up the passes. 

Another curious circumstance relative to these lumps and salt springs is, that they are only 
formed in the immediate vicinity of the bars or next to the gulf. The only instance noted in which 
a spring came Up through the marsh, was at a place near the bayou running past the northeast light- 
house; and at the month of this same bayou is a lump about I'l or li! feet high, around which the 
marsh is forming. With this exception, and that of ihe.se lying near the mouth of the IJalize bayou 
(which, by-the-by, was once the main pass}, the lumps and salt springs are all found near the mouths 
of the principal juaMes. It is also curious that none of these formations exist at the mouth of the 
South pass; nor does that pass appear to be making out to any extent, at least so it is stated; but, 
the South pass is within the limits of the second division. 

Tim lumps are sometimes swept away by the attrition of the water, and sometimes become tho 
nucleus of shoal,-, which may in time define the banks of the pass in whieh they are formed. 
Rains have also their effect in reducing them to their general level. Hurricanes have been known 
to sweep away particular lumps at oure, and the ebb and flow of tliu tide of salt-water, when 
the river is low, wears them away more rapidly than the ordinary tlow of the river. To this latter 
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circumstance may be attributed the- fact that the water on the bar is deeper when tlie water of the 
gulf sweeps over it, that is, when the river is low, than when the place of the clear suit-water is 
supplied by water holding much matter in suspension and ready to be deposited on coming in contact 
with the water of the gulf. 

It is perhaps proper to mention in this place some experiments that were made to determine if 
the deposit of sediment were owing solely to the check of velocity of the current on meeting the 
outside waters. The conclusion was that the effect was not owing solely to this cause. Proper 
vessels had been provided for the experiments, and in these as many fit substances as were at hand 
were dissolved in a mixture with the water, each in a separate vessel. These substances were com- 
mon salt, epsom salt, alum, sea-water, brine from the salt springs, and sulphuric aeid. The river- 
water alone took from ten to fourteen days to settle, while the solutions became perfectly limpid in 
from fourteen to eighteen hours, or from one-fifteenth to one-eighteenth part of the time. I know 
not to what cause to attribute the effect, unless it be action of these substances on the vegetable 
matter contained in the water, which aids in the suspension of the earthy matter. Boiling the water, 
or even keeping it in a bottle for a long time, will so change its nature as to cause it to settle very 
soon after agitation. Wishing to know if soluble compounds were formed by the sea-water and sedi- 
ment, <!."•'. grains of the latter were washed with a solution of 120 grains of salt in 10(10 of pure water. 
After drying nod washing anew with pure water, about 4 grains were found wanting; but this was 
attributed to the want of delicacy in the performance of the experiment; and the opinion is that no 
soluble compounds, material in quantity, arc formed. 

However, from these experiments we may conclude that the earthy matter is deposited more 
suddenly (ban would be the ease if it depended on the check of velocity alone; that the bars will be 
funned just at the debouches, or where the salt-water is first met; and that the greater the quantity 
of Witt- r brought down, the sooner, on account of the sudden precipitation, will the bars be formed 
at the debouches. 

Recurving to the mud lumps and their mode of formation, we have seen that they form at the 
bars oTily. or where the process of format ioo of land by deposit is still in progress; that they rise 
with considerable rapidity, and acquiring their maximum elevation in a short time, so remain until 
destroyed bv foreign caUS*5, resembling the effect that would be produced by a strong force acting for 
a limited time. That this force cannot be the pressure of the surrounding water of the river, or even 
the waters of the gulf brought through chasms from a distance, is evident; for they rise far above 
the surface of the surrounding water, and being themselves more dense, bring with them, besides, brine 
of greater specific gravity than the waters of either the river or gulf, or at least as great as the 
hi! in-. We see, moreover, that they must come from above the original bottom of the gulf, for that 
we know the nature of, and the nature of these is not the saint", that they come from great depths, 
for the >;ill springs on them are of great depth, and the shells found in them give other evidence of 
it; that gases are formed below them, for we see it escaping in quantity; that this gas is such as is 
formed from the decomposition "f vegetable matter in similar situations, viz., light earburettcd 
hydrogen ; and lastly, that the composition of the lumps is of the firmest material. 

From these data we proceed. In the outward How of the river, the finest material is carried 
farthest, and i» the first stratum on the bottom of the gulf; coarser strata are deposited over these 
in the inverse order of their specific gravity. These finer particles probably consisted of vegetable 
matter, or were much mingled with it ; this the experiments went to show. The decomposition of 
this vegetable matter generates a gas, exerting a great elastic pressure on the plastic nud compressed 
[Batter HOKt above, causing it to rise, as we perceive in the lumps, bringing with it brine from tlio 
depthfi where the sea- water may he supposed to exist. The operation is aided by the prcssuro of the 
heavier material deposited above. 

It is not our object, in this suggestion, to say that the lumps would sink again into the abyss, 
for the Space at iirst occupied by the gafl is not left an absolute vacuity, but the chasm is refilled by 
water and soft mud, in which case the force required to retain them in their position is only the 
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difference of specific gravities: and the material of the lumps may take a position of equilibrium even 
with the chasm, for it approximates to the form of the arch. There is no proof that sonic of them 
do not sub-side. They disappear, and it may be in sunn* cases that this disappearance is caused by 
a subsidence. It is probable that for centuries back these lumps have been generated at the then 
existing mouth of the river, and yet we now see none of them except at the present bars. Is it 
possible that, notwithstanding the vegetation which might serve to protect tbem, no traces of their 
former existence should be discovered, if their disappearance depended simply on the ordinary 
causes ? 

If this theory be correct, it oilers another object ion to the method of improvements by increasing 
the velocity by means oi" levees, for the lumps would form with great rapidity just opposite the end 
of the works. 

From nil this it would appear (if no other objections exist) that, to prevent the passage of part of 
the river-water over the bar and admit the gulf-water to supply its place, would be likely to bo more 
effectual than the works intended to produce the contrary effect. A work to produce effect might be 
constructed in the form of a " redan," with its gorge toward the sea, anil open at its salient angle, 
whief i will lie located at the commencement of deep water within the bar. The effect may In- aided 
hy leading off some of the water by artificial bayous. 

Here it may bo stated, that the bayous, even the smallest, when they lead off from the passes 
and empty in places where they meet the action of llie salt-water, are miniature passes, and present 
all the phenomena of the larger streams, excepting the mud lumps and salt springs. These last do 
not appear, for obvious reasons. The bayous must, therefore, be made the subject of experiments, 
and the results, if the bayous be judiciously chosen, will apply directly to the case of the passes. It 
was a matter of regret that the time spent in the field was so limited and burdened with other duties, 
as not to admit this course of experiments, 

1 will now leave the subject, and proceed to state the other changes that came under my notice. 
They are very few, and connect the information derived from others with personal information. 

Where the northeast lighthouse now stands is said to be a quartet of a mile farther from the 
bar than it was four or live years since. The marsh surrounding the building is less frequently sub- 
merged than formerly. Boats could, at times, como close up to the little elevation on which the 
lighthouse stands. A wharf or binding for boats still extends from that elevation to the marsh; of 
course it is useless. 

There is a pond between the Northeast pass and pass it 1' Outre. This has the appearance of 
having been part of Blind bay, but is now separated from it by many grassy islands, which are 
increasing in firmness, and perhaps in number, so as to render it probable that the pond, in course 
of lime, will be entirely filled. 

The Balizc bayou was formerly the passage for ships, and its bar was at the place where it 
diverged from the Northeast pass. At ibis point the place was defined. Now the bar is at the 
mouth of the bayou. It has but 3 feet water on it, and \~> may be carried over the place id' diver- 
gence from the Northeast pass. It was mentioned before that tin-re are three largo mud islands at 
the mouth, besides several smaller. I am not aware of the time of tin- rite of these islands, bin, if 
subsequently to the lime when the bayou was practicable, it would go to show that the bar, at the 
phiee of divergence from the Northeast pass, was reduced on account of a smaller volume of water 
being drawn over it than formerly; but, whatever may be I be time of their rise, one conclusion may 
be drawn from the fact of their existence and the shoalnega of the bar in their vicinity, which is, that 
it is not a narrow ami straight channel only, which is a panacea lor all the disorders of the river, for 
the Baliae bayou is narrow and straight, and formerly discharged a large quantity of water; never- 
theless (or more probably in eon sequence of it) we *et- three high mud islands, besides several 
smaller, and a bar unmfdiitvltf at its mouth, so shoal as to be practicable for boats only. 

On the north shore of Garden -island bay, not far from the south bank of the Bullae bayou, is 
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to be seen tlic ruins of a building, probably an old magazine. It is called by the pilots the old 
Spanish Magazine (no doubt eon'ectly). It was about 20 feet square, with an arched roof, and 
brick walls about 4 feet thick, supported by buttresses. The roof has been intentionally broken 
through. In other respects the building is in good order. It is now almost inaccessible, it being 
difficult to get even a Hat-bottomed skiff near it, and there is no bayou within a reasonable distance. 
It is also sunken, having a kind of ditch around it ; and within, as seen through the roof, there is 
nothing hut mud and water. It was probably once high and accessible. Some idea of the changes 
in ibis country may hence be obtained. Its situation was accurately determined by connecting it 
with the triangulation, and its latitude found to correspond with that given in Ilowditeh's Navigator 
as the latitude of the Bali is e. 

Bay llonde. as is called the sweep of coast exterior to the delta on the north and east, appears 
as if once enclosed like the buys between the passes. It is said by the old residents to have been so, 
and from Us circular form, when so enclosed, took its name. It is very possible that a pass or large 
bayou might have diverged to the cast, above the present head of the passes, and, as the general rule 
is for the streams to form their own banks, its southern bank, as formed, would have been the north- 
ern shore of bay blonde. When, from becoming choked or other causes, the stream dwindled away, 
the sur"c from the gulf, in time of storms, swept a.way the evidences of its existence, except the few 
islands that remain. This, however, is only conjecture; proper information might be obtained by 
consulting the old maps, 

Bf inspecting the map of pass u, l'Outre, it will be perceived that there is a wide shoal or middle 
iTDtuid at its month, with channels nearly equal on both sides. It is probable that this shoal will 
accumulate till it projects above the water, thus forming two passes, resembling very nearly tho 
Southeast pass and lower part of the Northeast. 

This appettra to depend on some cause peculiar to the passes of the first, division. 
One of the changes which has occurred within tho memory of man is the complete formation of 
an island in the Northeast pass, just below pass u 1'Ouire. It is about three-quarters of a mile 
tonic, and is still increasing. It lias trees along its shore, but its interior is marshy. This alluvial 
iidaitd differs i:. even re--] »:et lYum tin- i-Uimls '4' irrupti'm mi the l>:ir. It- i-lumld Irne tu-'-n men- 
tioned that these hutei* islands had their relative heights determined by levelling, and stakes left on 
them for purposes of future reference. 

This completes the account of the duties performed by the first brigade, and the conclusion to 
which these duties b-d. There was delay in obtaining proper facilities, so that active operations were 
carried on only sbout four months, nnd the brigade was not fully efficient for a longer time than two 
months and a half. The distance from a market, and the difficulties of communication from point to 
point, together with the submerged condition of the land, rendered it altogether one of the most diffi- 
cult eountriea in which to Operate that could be imagined; nevertheless, a survey extending aver 
more than 200 square miles wa* made with accuracy and minuteness; between 20,000 and 80,000 
soundings were taken, mt»{ of which were fixed with trigonometrical precision, which it is believed is 
not the case in any other work. This couhl he effected only by great assiduity on the part of the 
gentlemen attached to the brigade, and litis credit is due to them. 

The names of these gentlemen, and the duties assigned to them, are us follows:— 
11, A. NoiiKis, II. Skldkn, and ft N. IfiiAOa constituted the sounding party. 
,1, \\. 111. a.-- executed plane-table work, gauged bayous, and attended to other duties. 
A. H<»I0BK1SS, part of the primary and secondary triangulation, survey of pass a l'Outre, and other 

duties. 

] K ('riiI'SKI mid K. SniiiOKMiH, survey soundings of the Northeast pass and part of the stem of 
the river; also of pass Clicval, and gauging the passes. 

C Kino, Jit., ffho w:i attached to the astronomical brigade shortly after the beginning of opera- 
lions. 
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The office duties which have occupied the brigade, have been : — 

1st. Calculations of primary, secondary, and tertiary triangulatiou. 

2d Protraction of the shores by the results, and extending the soundings of passes and bays. 

3d. Protraction of soundings of three barg on a double scale. 

4th. Calculations and plotting relating to the regimen of the river, and digesting the chemical 
and oilier observations. 

5th. Calculations of terrestrial graduation; their object was to project the work on a cone 
drawn secant to the earth and concentric with the tangent eoue at the middle of the country 
surveyed; the secant cone so drawn that the part of the element between the extreme northern and 
southern limits of the work should be equal to the part of the meridian between the same limits; the 
cone then to be developed. 

The latter portion of the work was begun on the 10th August, and completed on the 31st 
December, 1838, excepting the labors of draughtsmen, who were then employed to finish the maps. 

The brigade was discharged at the latter date. 

The pilots at the Balisse were always ready to render all the assistance anil information in their 
power. 

Mucin is due to Captain Taylor, United States Revenue Officer at the Balixe, whose liberal 
assistance on many occasions, and information derived (Voiu knowledge of the locality and general 
intelligence, contributed in a considerable degree to the advancement of the work, 

I am, Sir, with great respect, your obedient servant, 

MM. II, SIDELL, 
Principal Asst. Engineer FirM Hi-ifr. Kngrs,, Miss. Survey. 
Office Imp I. Miss, river, Brooki.vx, 25th ./it unary, IS 30. 



No. 3.— REPORT OF ASSISTANT (I, CM MA OK TO CAPTAIN TALOOTT, 

Sir:— 

I have the honor to submit for your consideration, and that of the special board of engineers, 
the enclosed maps, projected from the surveys made at the suggestion of that board, and by order 
of the Engineer Department, dated Nov. 25th, 1837, with a view to ascertain the practicability of 
improving the navigation of the entrance of the Mississippi river, and the following report of the 
mode of Operations and their results, as pursued in the execution of the surveys of that part of the 
Mississippi delta projected upon these maps, aud the charge of which was assigned to me by your 
letter, dated Dec. 8th, 1S:!7, 

Sheet No. B 1 represents the projection of the survey of the Southwest pass, South pass, 
Grand bayou, intermediate bay, and adjacent coasts, upon the scale of ,,,,',, ,„, and is the map of 
assemblage of the whole work executed by the seeond brigade of engineers. 

Sheets No, B 2 and B 3 are the projections of the Southwest and South liars respectively, on 
the scale of .„' 

Sheet No. B 4, the cross-sections made to determine the quantity of discharge of the different 
outlets; and sheets. B 5, B 6, aud B 7, the projections of tile curves of the currents al the beads of 
the passes and over the bars. 

Mode of operation*. — In the mode of operations, reference was bad, as far as time and circum- 
stances would permit, to the suggestions contained in the memoir of Colonel J. (i. Totteli, president 
of the special board, enclosed to me in your letter of Dec. 8th, 1837. 
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The work was commenced by the measurement of a base line on " Steer's reef" {sec sheet 
No. 1), 10,650.6 reel in length — this being the most practicable ground for measurement on the 
delta. Nine points were then established, extending over the whole ground, and determined from the 
base, constituting the primary triangulation. These points are noted on the maps by a double 
triangle, the lines connecting them being in red ink. Their latitude and difference in longitude 
from the astronomical station, Northeast Balize, have been deduced from the observations of the astro- 
nomical brigade, and a table containing them placed on sheet B 1, marked u Table No. 1." Intermediate 
points, constituting the secondary triangulation, were established on all the principal points of the 
passes and bars, and determined from the primary triangulation. The passes were then filled tip 
by a minor triangulation, having the points on their shores, and the coasts of the bays were traced 
out by the plane-table. The lines of the minor triangulation in the passes and of the stations in the 
bays were then sounded out. The bars were sounded out with great accuracy, having the position 
of the boat determined at each sounding. Finally, observations were made on the tides, quantity of 
discharge, specific gravity of water, relative height of the passes and bays, and the level of the salt- 
spring formations. 

Smtt htrest ("iss- — This pass is 1 "i,2 miles long, being 2800 feet broad at its head, from where 
it diminishes to l-'>0 feet, the width at station "Willow" (sheet B), thence gradually increasing to 
9430 fc e i — the width of the extreme points of land on the bar. 

It lias a bar at its head, over which 4S feet can be carried. The a vera ire depth of the pass is 
70 feet, the greatest being 102 feet. The bottom is soft mud, with spots of sand. 

The velocity of the pass about a mile below its head (the point at which the observations woro 
made) is 4.!S7ti feet per second; the quantity of water discharged at this point, 342,tJl>2.5 cubic 
feet per second. There are 15 bayous, exclusive of the H-fVet channel, through which the discharge 
is 12,Mtt cubic feet per seeond — the !'-feet channel discharging £b\7-U.f) cubic feet per second. 

South j»-'M IS U.2* miles in length, and 4.il4 miles to the head of Grand bayou. It is 2400 
feet in breadth at its head, but soon narrows to 700 feet, which is the mean width until it reaches the 
bar, where it inerr;i-<'- to 3200 feet. Nineteen feet water can be carried over its head. The greatest 
depth in the pass is 58 feet ; which, with 24 feet, are the limits of the water in the channel between 
the bars. Tin- bottom ia generally sand, interspersed with spots of soft until. Sixteen feet can he 
carried into Grand bayou, and 7 feet over the shoal at its mouth. It is about miles in length, and 
is neither SO broad nor so deep as the South pass. 

At the bead of the South pass the velocity is 3.31!) feet per second, and the discharge 
80,761*39 pubic feet per second. 

There are three bayous, exclusive of Grand hayott, lowing from the South pass, of which the 
whole discharge is 77 4 ■ ■> eabic feet per second — Grand bayou having a velocity of b\o42 feet per 
second, ami discharging 15,314.67 cubic feet per second. 

In the South peas there are fewer bayous, the banks arc (inner and higher, and the trees of 
older growth than in the Southwest puss — indicating its (trior formation. 

Bttyou* % l.,i>(», /-/.-.— The bayous Hewing tVoin the Southwest and South passes have generally 
from i; to H feet water ill them, with bars at their heads and mouths. Most of them are choked up 
at their heads with rafts \i\' il rift- logs, and are sensibly filling up. 

There are traces in both the passes of former bayous, which have been completely filled up at 
their heads, and in the mouths of which the water of the bay rises mid falls with the tide. Uy an 
examination of the sheet No. B 4, it will be seen, from the cross-seetions of the passes and bayous, 
that the hanks arc precipitous — in some instances almost perpendicular. Immediately on the river 
thflV an: linn, and a few inches above the ordinary hi^h-waler mark, but have a fall of 2 feet to the 
bnv and become toft and miry in proportion as yon recede from the river. The growth on them is 
gait-marsh in the bay*, ffUh high reeds and canes on the shorea of the passes. 

The bay tu the w*at of the Southwest pass is very shoal, the 1-fathoui curve being 4 miles 
from the shore at the mouth of Steer's bayou (sheet No. B 1), In East bay this curve runs up 
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about 7 miles. The oilier curves, for want of time, were not run out the whole distance from South- 
west bar to South bar, but they keep very nearly a parallel direction to the 1-fathom. 

The bottom of the bays is soft mud at their heads, having a greater proportion of sand mixed 
with it in the deeper water. 

Southwest liar.— For the examination of the details of this bar, the map upon the scale of 
jo'dn ts submitted. The soundings are reduced to the plane of mean low water, marked "plane of 
reference " on the tide scale. 

The dimensions of the bar are 7500 feet from 18 feet within to IS feet without, along the 
channel; 3500 feet from 15 feet within to 15 feet without; 50110 {'vet greatest distance between 
points of 2-fathom curves; 9433 feet, distance between extreme points of land. 

The channel, having an average width of 12110 feet, is straight in a southwest and northeast 
line, and lies on the west of the bar. Thirteen feet can be carried over at low water, and 14.5 feet 
at high water; though the mud in the channel is of so soft a nature that vessels are easily drawn 
through an additional foot. 

The bar is composed of mud and sand, the matter held in suspension by the river- water, and 
deposited on the diminution of its velocity caused by the resistance of the sea. Within and without 
the shoal the bottom is soft mud, of a bluish and yellow tint, having a large proportion of alumine. 
Immediately on the shoal the bottom is harder, and has a greater proportion of sand. Tiie formation 
of this shoal is regular, having on it l>, 10, and 11 feet. The greatest irregularities are three lumps, 
delineated upon the map, which are uncovered about 2 feet at low water, having diameters of 4 feet. 
These lumps are the result of a, cause, the facts relating to which are more fully detailed hereafter. 

The water is constantly undergoing changes, both in the level of the surface find in the bottom; 
the former from the winds affecting the tides and from the freshets, the latter by the action of the 
salt springs, and the continual deposit and carrying off of the particles, resulting from the different 
velocities with which the water discharges itself. The channel also changes its position, dependent 
on the winds giving direction to the main current washing it out. 

The water, previous to reaching the bar, discharges itself over two shoals, one on each side of 
the pass. Between the last points uf marsh and the extreme mud lumps, the boundaries of these 
shoals are shown by the mud lumps, within which there is from 1 to 2 feet water. Eleven feet can 
be carried into the 9-fee-t channel, and (I feet out of it. It is, however, so narrow as lo be at present 
unused. 

A cross-section of the bar made along the line joining the extreme points oT land is shown on 
sheet No. B 4. 

Salt springs. — The islands on the shoals and the lumps on the bar are formed by upheaving of 
the mud of the bottom, and are of various heights above the surface of the water — from 10 to 3 
feet. On the surface of most of them are found springs of salt-water, holding in suspension a 
large quantity of mud. These springs arc a few inches in diameter, having their sides hard, ami aro 
of various depths, one being IS feet, situated on the lump "Final" (sheet No. B 2), The whole of 
the surface of the lumps is broken into fissures. These, together with the strata formed by the 
deposit of the mud from the springs, have every inclination to the horizon, and present the appear- 
ance of the exertion of a strong force in a vertical direction from below. Around some of the 
springs the ground was discolored from the presence of some chemical compound, being of a If mi, a 
pink, and a reddish-brown hue. Inflammable gas was constantly evolved from the most active, The 
soil of which the lumps are composed uj principally clay, though some have the chief proportion of 
sand. Specimens of the nature of the soil of the principal ones are submitted for the consideration 
of the special hoard. When first taken from the ground they were quite salt to the taste, as are the 
weeds which grow on the islands. The surface of many is covered with white pure salt, evaporated 
from the deposit of the springs. The water from the springs, when filtered, was clear, very salt, and 
weighed 1U25.5 grains, the same phial filled with rain-water weighing 896,5. 

Of the cause of the formation of these islands 1 am unable to give any opinion, it would 



AI'PEXDIX A. — MOUTHS OF THE MISSISSIPPI xvii 

appear to he chemical rather than mechanical action, as has been presumed. They are not formed, 
nor coulil any traces of their previous existence he found, in the passes or at the South bar. Their 
broken ami distorted appearance, and their being able to withstand the whole current of the river, 
show the force to he of great intensity. In some the action appears to have ceased. The springs 
are dried up ana the surface become comparatively smooth. Such is the case with the one on winch 
station Pilot (sheet B 2) is located, and which is now used as a place of residence. In others, as 
the one marked Lands-end, the action is very strong, there being nine springs on it. Those imme- 
diately in the vicinity of the har appear to be more active than the farther removed. 

Care lias heen taken to determine the exact position of these islands. They were made points 
of secondary trial initiation, chained and compassed, and their height above the plane of mean low 
water obtained. The profiles of the principal ones are contained in sheet B 2. 

Houtk bar. — The dimensions of this har, shown on B 3, are — 

66Q0 feet from 18 feet within to IS feet without, along the channel. 
5G0Q " 15 " 15 " " 

8000 - 12 M 12 

*2<XI0 •■ 1» " 9 

There are two channels, the middle ground between having on it at the time of the survey 2 and 
3 feet water. Eight feet water can he carried over the west and principal channel — (3 feet in the cast. 
The west channel, lying about north and south, has an average width of 1500 feet. The bottom of 
the har is principally fine gray sand, mixed with a small proportion of mud. Without the shoal the 
soft yellow and blue mud of the passes is found. The character of the hav is sand (as it is of the 
passes and of the adjacent shoals), there being two reefs of sand extending from each extremity of 
the South pass, in a north and WCBt direction. These spifs of sand, together with tiie bar, are con- 
stantly washing away ami reforming from the effects of the wind and action of the sea. It will be 
seen that the reef to the west of the bar has made more than a mile since Captain Delafield's survey 
in 182'J. 

Although no traces could be found of the salt springs in this part of the delta, the changes are 
almost as rapid as when subjected to their control. The middle ground, which in March had the 
water on it represented by the soundings, had by the middle of June so much increased that it was 
visible at high, and had a large portiim of it uncovered at low water; it was composed of sand, very 
firm and hard, as if cemented by the small portion of clay that was in it. The precipitous nature 
of the bar renders the sea very heavy and the navigation dangerous. There is also a shoal bearing 
southeast from south lighthouse, which was not determined for want of time. 

Tidcx. — Observations were made upon the rise and fall of the water during the day at the bead 
of Qrand ha von in South pass, from 1st to 31st of March; also during the period of Bounding out 
the South bar. Observations were then made upon the tides, and from the 1st to the Slat May, 
ibe highest and lowest water, as well as the rise and f.'il I for every half hour during the day, was 
noted at the Southwest bar. 

The projeetionfl of the curves of high and low water at these two places are shown by the two 
scales on sheet B 1 and the scale on sheet B 4 From an examination of these it will he perceived 
that the inilucnee of the tide is very slight in affecting the water on the bar, the mean difference 
between the high and low water on the Southwest bar {see table No. 1) being only 1.22 feet. There 
is usually one tide a day, or during the twenty dour hours, gOVOtmetl by the wind as to its height, 
and dependent on the position of the moon as to the time of high and low water; the water being 
lower during a north, and higher during a south wind, than under ordinary circumstances. Daring 
the summer months, when the quantity of river-water discharged is very much diminished, the 
influence of the tide is greater, and there is then an under-current of salt-water up the pass, which 
has been Known to flow up as high as Fort Jackson; but, during the period of our observations there, 
was no influx of the sea, but merely a diminution of the velocity and a hacking of the waters of the 
river. 
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The effect on the tides by freshets is shown by the curves of high and low water during tin- days 
u f the lTtli and 18th and I9th May (sheet B 2), when niueh drift-wood, indicative of a rise, was 
observed to float down the stream. The curves approach each other, the hfgfc water preserving its 
level, but the low writer is much higher than usual, resulting from the increased body of water 
diminishing the effect of the sea and swelling the river. 

The rise and fall is nearly the same in the pass as at the bar. The difference can he seen by a 
comparison of the scale on sheet B 4, with those on sheet B 1. 

Specific gravity of the water. — The difference between the specific gravity of the water of the 
river and of rain-water was so slight as to be almost imperceptible with a delicate pair of French 
scales, although the experiments were made in nil parts of the delta, as will be seen by the annexed 
table (table No. 2). 

The weight of a phial filled with rain-water being 121&95, the mean of the experiments on 
the waters of the surface was 121!.'. 75 grains; of those below the surface, 1-21). 20; giving, in the 
one case, 0.5 of a grain, and In the other, 1.01 in W>\f> grains — the phial weighing 222,7. r j grains. 

The weight of the water on the bar constantly changes— dependent on the discbarge of the 
river and the force and direction of the winds. Daring a calm day and large discharge, river-water 
can he obtained for many miles outside the bar on the surface, and to a depth below equal to (he 
mean depth of the bar: but if the discharge was not great, the tide high, or the wind strong from 
one direction, blowing the current toward the other, salt-water, or water mixed with salt, and 
weighing the same, could be obtained on the outside portions of the bar. During the mouths of 
April and Msiy, fresh water, and only fresh, was taken from within the har, and on the line joining 
the extreme points of land. Beyond this, and when the depth was greater than 11 feet (the mean 
depth of the liar), a mixture of fresh and salt water would be brought up, salt in proportion to the 
depth. 

Amount of deposit. — Having weighed the water in the phial, it was filtered through a piece of 
filtering-paper, the weight of which was determined before and after the filtration, the difference of 
measurement giving the amount of deposit. 

In the water of the surface, there is 0.032 of a grain, and hcluw the surface, 0.955 of a grain in 
096.25 grains (table 2). 

The alluvion brought down by the river is composed of line Hand mixed with clay; it is greater 
in volume than in weight. 

Experiments were made on the nature and quantity of the sand, by sinking a closed box, 
pierced on opposite sides with holes of unequal diameter, the larger orifices being placed up stream. 
The water, in passing through, had its velocity diminished, and deposited the coarser particles held is 
suspension. In this manner the sand of the bottom and surface currents was obtained in different 
parts of the delta, specimens of which are submitted for the consideration of the special board. The 
sand of the hottom is a little coarser than that from the surface. 

In allowing the water lo settle, it was found that in twenty- four hours it became quite clear. 
This time w;is very much diminished when a mixture of suit and fresh water was subjected to the 
influence of rest. 

Force itml direction of current*. — In the passes, the current generally coincided with the axis 
of tho pass. 

In the Southwest pass, at its head, the velocity is 4.* feet per second, and at the bar about B 
tee i per second (see sheets B 5 ami B 0). The bo&on velocity is nearly the same as the surface; 
and if there is any wind opposed to the current, the difference will be inappreciable. At the South- 
west bar many observations were made to determine lite extetenoe of a littoral current. A piece of 
drift-wood on the surface and a box with a specific gravity sufficient to sink it to the required depth 
were allotted to Heat over the bur, and a hont was left alongside of them, to which angles were taken 
at regular intervals. I hiring or succeeding a calm, the current of the axis of the pass continues in 
its direction till its force is expended by the resistance of the sen. The current of the east or west 
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side has an inclination to the east or west, resulting from the spreading out of the waters, or their 
being released from confinement to a channel. 

Tlie velocity is increased when the tide is falling, and diminished when it is rising. Tf there 13 
any wind, the current will obey the impulse given to it by its direction. If from the east, the set of 
the current will be to the west, more or less inclined to the axis of the pass, as the force of the wind 
is greater or less. So, if the wind is from the west, the same circumstances will he perceptible with 
regard to the sot of the current to the east. The bottom velocity ia slightly less than that of the 
surface, and is affected in the same way, though not in so great a degree, and is much sooner neutral- 
ized by the resistance of the sea. 

The prevailing winds being from the cast, and the axis of the pass southwest, the general set 
of the current is to the west; hence may have arisen the idea of a " westerly littoral current." 
Care was taken to make the observations under all circumstances of wind and title, and no traces of 
the existence of sueli a current is shown within 7 miles of the land — the extreme point to which the 
observations were carried. 

There are no regular currents in the hays, but such as depend on the wind and tides. 

Slopes of the surface. — It was impossible, from the great breadth of the river, and nature of 
the crowth on its banks, to level the surface of the water from the head to the mouth of the pass ; 
hut, in order to arrive at some idea of the slope of the surface, the Southwest pass was levelled with 
East and West hays, at its head and mouth ; and, presuming the water in the bay to maintain its 
level, the inclination may he deduced, 

Table No. 4 contains these observations: the mean height of the pass above East bay, 2.2325 
feet; and at its month, 0.350 feet; giving an inclination of 1.75 feet in 12 miles — the distance 
between the points of observation. The inclination is, however, varied by the winds, tides, and 
freshets — the Southwest pass, during a freshet in Juno, having overflowed its banks at its head by a 
foot at liigh water. 

I also enclose you the journal of the observations of the survey, kept in obedience to the direc- 
tions contained in your letter of Dec. 8th, 1837, and remain, sir, 

With much respect, your oh't servant, 

GEO. G. MEADE, 
Civil Engineer, in charge Second Brigade. 
Nkw Youu, Jan. U-J. ls:!i>. 
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TABLE No. I. 



Containing the amount of rise and fall of tin initt-r at Southwest har during the month of 
May, 18-18, as shown hij the tide scale m sheet Ii 1. 



Put*. 


AlH.'UU! Oil- li.l,- 

rwe. 


1 WiR. 

May 11 

" 12 

■' 13 


1 Ft el and lent fa. 

I.Vi 

1,52 


" 1-1 

H la 

" its 

" 77 

" IH 

" 10 

" 20 . 


1.11 
1.17 

1.31 

O.tffi 

0,52 

0.2a 

o.«a 

I.fll 


■• 22 


0,9B 


" 2a. 

" 2-1 

1 1 g ■-, 


mo 
1.63 


•• 20 


V.56 

1.45 


>• 27 


« 2K 


' i.08 


" m 


; 1.07 

0,84 




1.22 



Am I Hi.- c i . 1 - - 

fell. 




lO-Huu-Jii, 



Tlio low lido oc- 
currad nasi <luy 

(fllH.' SUJlle). 

tjetond low wii(cr 
(ace wcnlo). 



Sltiii different;!; between high and low wtiier, 1.225 fei't. 



TABLE No. 2. 

(', ,/ifm 'ii'unj "/•■' fi-,iiii,i>: iiiaih i" ta termin* specific gravity ></'. and amount qf deposit 

hi, the water, 

l'liinl filled willi miii-waler weighed 1210.25 grains. 1 Giving weight of rain-water 00ti.5 griiim, 

1'liiul empty weighed — 222.75 grains. / assumed us the unit. 



Il.ll.. 


I^icmOhitj nf tlic- obtMT villi. .11. 


Di.pib fn.m 

i, h, h m iir.-r 
wiia titkro. 


u.ipiit at 0i« 

[.bUl. 
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ui-lKlit Of |illjwr 

Muft anil uflvr 

liltmOua. 


H.-lMlllli- 


1888. 
May 2 


1 1 i.-nl of Ihe. Sh>iiI)iwc<k( pass... 

Southwell puns. Sin. Willow.., 


Surface 

do. 

do. 

do. 


1218,75 

1220.00 
1221.60 

1220,50 
1210.51) 


75 

0.75 
1,00 

O.50 
(1.50 
If, 50 
1.00 

0,75 
0.50 

LOO 

0.76 
0.25 
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0.25 
0.75 
0.75 

1. 00 

1.00 




■' I 

" Hi 


" Hi 




do. 


- 17. ..... .. 


Do, Sin. Willow, 


do. 1210.2.") 


« 18 


Ui>. d 

Do. rln 


do. 1220.00 
do, 1221.25 

.1... 12111,25 
,J U 1M1 os 


■' 18. 

" 20 


Dn. ii feet channel 

Dei. Stn. Willow 

Head Southwest puss 

Southwest pass, off VI t'l. cluiiv.. 
1'". do. 

[lend nr Southwest puss 

S. Puss, off lieiid Grand bayou. 


» 2-1 


do. 
do. 

d„. 
do. 
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do. 
do. 
do. 


121H.25 

1228.25 
1218.26 

1220 DO 
1 220.' ill 
1210 25 
12 la. 2') 
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•' si 


« 20 
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1220.15 


o,i;;36 


iu OLtfi.5 crainn. 
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II K LOW THE SURFACE, 




1888 




April 


2o 


■ ■ 


20 


•■ 


1 


Maj 


19 


n 


2tl 


.1 


21 


« 


20 


.) urn- 


1..... 


■ » 


«.,.. 



Ih'jah fn>ni which water 
wna tiik.tn. 



IV..' I gl it <.f 

111.' |.lliul. 



S.W. pass, off Stn. Willow..., 

H" do. ; 

S. pass, off head G. bayou..,! 
S.U. 1,.-,--, ,;,tr ii IV. channel... 

Do. iio ! 

Do. .1'. ' 

Do. Jo..... 

Head S.W. pass, E. tide 

Head South pass, centre 



1U l.-i-l . 

14 feet. 

lint I om ; 1H foci. 



Do. 
Do. 
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I-'.. 
Do. 
Do. 



Hi faet. 
D> feet. 
12 feet 
12 feet. 
5 fathoms. 
.'.! do. 



1216.00 
1219.0(1 
[219.25 
1221,25 
1221 .110 
1220.00 
1220.00 
1221.25 
1221. 76 



M t . ; .n 1220.20 




SM'VH tlAK. 



March :.'l 


Strati) i. 


- 81.,... 


Do. 


" HI 


Do, 


" 81 


Do, 


April 1 


Do, 



South bar ' Surface, 



Klein . 



fl feet; at bottom, 
Surface. 

Do. 
12 feet 



1213.25 

121M.25 
1213 To 
1219.50 

1222,00 



121U.95 



SI ]i FACE III' SOfTUW'KST UAH. 



Has IB- 




17.. 




>< 17.. 




I'n.. 




2(1.. 




'■ 21.. 




■• 27., 




" 27. 


,. 


a *'T 








" 27,. 





Southwest bar I Surface. 



Do. 
Do. 

D,». 
Do. 
Do. 
Do. 
Po. 
Do. 



Mean. 



Do. 
Do. 
Do, 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 



4 fall), onrve. 
outside do. 

inside 



8 feto. 

i ., ii-, 
inside 
« fatli. 
10 do, 



do. 
do. 
do. 
do. 
do. 
do. 



1219.35 
1210.00 
1218.50 
1319.25 

1220.25 
121',).2o 
1221.2'. 
1220.25 
1218,75 
1218.75 



1218 859 



lir.t.oU TItK St'llI'Al'K OS snt-TtinrST ISAH. 



M ij 



18. 



1«... 
17... 
17„. 
2o... 
20... 
21... 
27... 
27... 
27... 
2',U. 



Southwest bar. 
Do. 



Do 

Do 

Off do at sea. 

South west liar.. 

Do. on shoal. 

■Soul h went bar 

Off do. at -sen...... 

Southwest bar 

Do 

Do. on shoal. 



Mean. 



12 11. on 4 falli. curve. 
Hot torn on ('■ do, do. 

Do. on f> do. do. 

Do. on S do. do. 
II fa l li., bottom 12 fatli. 
Bottom "■'• fnlh. curve. 

Do. 10 feet. 

Do. 6 fnlh. curve. 
2 fa ill., bottom 15 faih. 
llnttnm .'■ tilth, curve. 

Do. 2 fulh. do. 

Do, Hi feet. 



Filtered water from suit spring on Final island (sheet R 2)., 

Recapitulation. 

Mean of water from surface of river 

Mean of waiter from below surface of river 

South bar. unmixed with .salt water 

S.W. li.ir. surface unmixed with salt 

Do, below surface unmixed with sail water 

Do. do. mixed with salt water 

Filtered water from ialt spring 



[288,0(1 
1211.2". 

1239.30 
1244.00 
1241.25 
1242.00 

1219.50 
1245,50 
1288,00 
1286.00 
1219,75 
l^ium 



1240.835 
1248.25 



1220.1S 
1220.26 
1219.95 
1219.85 
1210,75 
1240.85 
1248,25 



ii.'.i.-.;-, 



ii.;,ii 
D.75 
0.80 
H.50 
1.01) 



0,710 



0.60 

l.dii 
1.25 
0.25 
50 
0.50 
0.75 
0,75 
0.60 
0.75 



0.628 



0.75 
0.00 

11,011 

H.45 
11.00 
UK) 
II. .Mi 
(1.75 
MM) 
0,00 
1.25 
75 



Rutiiurk*. 



Water salt. 

W uter salt, quite clear, a 

few grains of sand. 
Water salt and clear. 
Water salt and discolored. 
Salt and clear. 
Salt and turbid. 
Fresh river -water. 
Salt nud I nil: ill. 
■Salt and turbid. 
Salt, slightly discolored. 
Kiver-waier. 
Riser- water. 



0.4S8 [Excepting fresh water.] 



0.035 

ii. 1 ..;,:, 
tt.TDi 
0.829 
0.883 
0.488 
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TABLE No. 4. 



Containing observations made to determine the relative height of Southwest pass lo'dlt East 

and Went bays, at it» head and uimtlh. 



Date. 


ltdght at>i>vn 
Kust liny. 


Wrst liay. 


I. .-.it;, hi of Oi<> i'Iihci vutiiim. 


lii murk*. 


l*:W. 


2.985 feet. 
2.2S5 " 
2.085 " 
1.630 " 


2.202 feet. 
2.135 " 
1.968 •■ 
L820 '■ 


Heftd of Southwest ^ass. 
Do. do. 
Do. tlo. 
Do. do. 

Mint ill of Sou lli west pass. 
Do. do. 
Do. do. 
Do. do. 


Wind east. 
Wind cast. 


6 

" 7 




2.2325 feet. 


*2.0G7r. feet. 


May 20 


0.400 feet 

n.37l> " 
0.810 '■ 
0.820 '■ 


0.335 feet. 
0.275 " 
0,400 ■• 
0.000 " 


" 80 


;si 






Mean 


0.350 feet. 


0.886 feel. 



Inclination of llio surface, from observations on But bay, is 1.8826 

Inclination of surface, from observut iona taken on West bay 1.7215 

Mean 1.8020 

Distance between points of observation 12 miles. 
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No. 1.— U WORDS OF THE DAILY STAND OF THE MISSISSIPPI RIVER. 

TitK following is the list of bench- murks for future reference: — 

At Cairo, the zero of the gauge is at the Cairo City company's "moan low-water mark," which 
is 43. .'J4 feet below their bench on Stevens k "Williams' store on the levee. 

At <Mumhux, the gauge was situated at the foot of Dalmey street. Bench-mark No. 1, left 
hank (near velocity base), on oak-tree, reads 40.85 feet on gauge. No. 2, left bank, on poplar-tree 
near northwest corner of Dahney and Front streets, reads 47.718 feet on gauge. No, 3, loft hank, 
tun of northwest corner of hrick foundation-pillar at southwest corner of Methodist church, reads 
45.395 feet on gauge, No. 4, right bank, on oak-tree at station 29, transit line, reads 46.G21 feet on 
(range. No. 5, right bank, on sycamore-tree at station 32, transit line, reads 42.403 feet on gauge. 

At Memphis tli o gauge was situated in Wolf river, near the northern boundary of navy yard. 
Bench-mark, top of the southeast corner of the water-table of rope-walk, uavy yard, reads 46.2G 
feel .in gauge, 

At Napoleon, the gauge was situated in the month of Arkansas river, north side. Bench-mark 
No. 1, mi southeast corner of water-table of Marine hospital, reads on gauge 49.43 feet. No. 2, at 
Prentiss, on hill of tbe middle door on the north side of the jail, reads on Napoleon gauge 47.74 

feet. 

At Lnke Providence, the gauge was situated near wharf-boat landing. Bench-mark No. 1, top 
of pedestal ef ertat column of Methodist church, reads on gauge 44.10 feet. 

At VHefabwg, the gauge was situated at foot of Crawford street. Bench-mark No. 1, on eurb- 
stone at northwest comer of Prentiss House, reads on gauge 48.40 feet. No. 5, on northwest corner 
of window-sill, depot Southern railroad, reads on gauge 150.5U feet. No. ti, on top of third step of 
Catholic < hurcb, reads on gauge 178.70 feel. No. 7, on projection near door of Catholic church, 
reads on gauge 183.44 (eat. No. 8, on angle projecting a few inehes from wall, cast of main door 
of Catholic church, reads on gauge 184.94 feet. 

At #*w Carthage, the gauge was situated in front of the town, and the only bench-mark was 
made on a tree, which, in 1850, had caved into the river. 

At Hatches, the gauge was situated on Mr. Brown's breakwater. Bench-mark No. 1, on 
baekberry-tree about 150 yards from the breakwater. The tree is in Mr. Brown's garden. Two or 
three spikes form the bench, which reads on gauge 47.00 feet. 

.If It-'il-river landing, the gauge was situated at the wharf-boat lauding, helow Mr. Terras' 
house. Bench-mark No. 1. on north side of locust-tree in Mr. Torras' lane, reads on gauge 45.3(5 

feet. 

At Union Hoitgc, the gauge was situated in front of Mr. Brown's mill, above the arsenal. 

< xxlii ) 
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Bench-mark No. 1, upon a post supporting the log-way inside of the mill, is marked 86. It reads 
36,3 feet on gauge. 

At Donahfoonrille, the gauge was nailed to piling of wharf. Bench-mark No. 1, top of pedestal 
of column of Land-office, northwest corner, reads on gauge 23.18 feet. No. 2, on water-table of 
court-house, northeast corner, reads on gauge 28.82 feet. 

At Carrollton, the gauge was situated a short distance above the depot. Bench-mark No. 1 
(a large railroad spike), on the northwest corner of the machine-shop of the New Orleans and Car- 
rollton railroad, reads 7.92 Feet on the jrause. 

P OB 

At Fort St. Philip, the gauge was situated in front of Fort St. Philip. Bench of the fort 
(a block of granite on prolongation of face No. 1) reads U.O feet on the gauge. 

Note.— Throughout tliest Appendices, all "old style Bgures" indicate interpolation. 



lieamh far 1843. 
St. Louis Arsenal.- -Otwserrw, Captaih T. J. Cram, Topograph! en] Engineers. 
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Records fur 1844, 



St. Louis Arsenal.— Observer, Ca>>tai* T. J. Cham, Topographical Engineers. 
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id 


i(l 




3,0 


U.7 


i:u 


22.2 




2;:; 




111.2 




Ht.il 




11 .:; 




7-7 




fi.4 




ft.il 




14 


4.(1 




a.» 


I4.J 


I3J 


34.1 




27.11 




lll.l 




|i,n 




11.2 




7.' 1 ' 




11.4 




Ra 




ii> 


J.il 




:(.« 


tft.il 


i,..j 


2.V.H 




;-: 




1 in. 4 




IAJ) 




11.1 




i .i 




i'i,ll 




fl.n 




nt 


:;.:< 




j.n 


li'..7 


13.i 


S"U 




_'■,■. 




SB, 1 




I6J 




Uji 




i .i 




<U 




a,a 




17 


::.., 


:■,..■ 


IM 


l.l.l 


27.0 




." 




■'Ml 




i:,2 




lfi,7 




T.« 




(1.2 




ii.lt 




If 


;;.:. 




4.1 


I...I. 


1 . 






;n ii 




■'Til 




Urt 


l ii.fi 




TA 




tu 




.'.2 




111 


:■.,. 




S ■ )u.u 


11.' . 


1 




IK II 




"ill 




Ull 


ln.4 




T.'i 




11.2 




.--.2 




VSI 


hj> 




li.l 1 IT J 


|l4.4 


2 W 




■ii." 




2. '..2 




lil.ii 




W.I 




7.:i 




lijl 




S.l 










M» 17.4 


I4.fi 


2 • .'.i 




1.2 




STi.ll 




I i, ■ 




lll.ll 




7.1 




no 




ii.d 




28 






M 1T.1 


II; 


::.■ 1 




H6.1 




ViiM 




ill 




I'll 




7,ii 




ii.ii 




.1,11 




23 


-1.4 




[i-.,. 


1.-..4 






::7 1 




".Ml 




lilt 




n.;, 




il.il 




(10 




4,11 




21 


1US 




1 , . 


M2J 


aw* 




Its 1 




,. ., 




lll.il 




9.2 




il," 




DO 




IS 






as 




(W 


!"; 


j'i.r 


aid 




SSJI 




■M il 




r.fi 




9,1 




nil 




If il 




-1- 




an 








i-..i 


17.7 


su 




3*1,7 




;t«I 




I".". 




mi 








lill 




ifl 




W 








[4.7 


lt/.4 


2 VI 




:;«•> 




123,7 




I'M 




Ull 




HA 




:, 'I 




4n 




2N 


2J 




il.il 


i I4.ii 


21 ,S 


137.9 




:;s.7 




22,0 




12,2 




M 




mi 




-'■ " 




+,n 






2.7 




. J 


! J - 


ai 


1 27.il 




S&3 




SM 'i 




I'M 




,,; 




03 




S.9 




47 




:;■■ 


2." 






I4.ii 


33.9 


a&n 




:i7.ti 




-II 




1 ■ 1 




M 




II ■> 




BS 




4K 




:;1 


24 






1J> 




2S.2 








2l.ll 




12.11 








tl,l 








4.s 





Records for 1845. 

St. Louis Arsenal.— Observer, Cutaix T. J. Cham, Topographical Kngineers. 



Dull 


Juniisrr. rtbrmrj. 


1 1'. 


.. i 


1|-(BJ. (. ■ 11.,.: 


1 




si 




•i 


.',..-, 




.,, 




;t 






7.y 




i 


fi.n 




7.fi 




h 


6.9 




7," 




a 


11.2 




; ■■ 




i 


n.4 




7 ii 




% 


"l..'i 




'i.ii 




9 


u.1 




.1.7 




lit 


il.ll 


!,.!■ 




It 


'1.2 




1.', 




12 


<s.a 




I.'l 




111 


6J 




7.1 




14 


ii.l 




722 




u 


fi.n 




7 2 




111 


(1,0 




7.:i 




17 


...1 




13 




IS i..I 




74 


lu r..2 




7.a 




2il M 




7.0 




21 S3 




7. "J 




!« 7 J 




«2) 




•211 S.4 




8.8 




24 a J 




-.1 




as 


n.ii 


'i.s 




2" 


■i.i 


H',1 




27 


S.ll 


M... 




M 


M 


II 1 




•at 


S.ll 






31) 


«.S 








HI 


li.ll 









Murrli. 



11.4 

il. 
II • 

12." 
12.1 
12.1 

12.2 
l 

l.'.T 

lis 

12/ 
12.1 

1221 

lia 

12.2 

la.a 

12.11 
1 2.i I 
11(1 
11.9 

lis 

ll.il 
H2i 

il. i 

11.2 
11.2 
1 1.1 

II. 1 

in jt 

10.7 



April. 



Jlaj-. 






it'i«.(. rrm 

i i,(i 

1 M 
i ..; 
!■■ 2 
Hl.2 
IU I 
10,2 

!■•( 
l-.l 
12 1 
I-- 
111." 

13.1 

■ ..1 
i-i." 
12.11 
l.'.s 
111.'! 
' ,1 
I.I 
I ...1 

I :..'i 

1-l.s 

I i,i 
ll.n 
I li 
11.7 

1:21 

140 

1...7 



Wind, n'/jf 



IIViW 



■Illll I'. 



(Tst 



H'wrf. 



Jalj. 



ifgr iViml 



A'l. '!-r. 



'■V 



Si'jirembtr 



Wind, ir-r 



Wind 



October. 



'■>■ 



.VurpiutiLT. 



tfimtl, '.'> 



Wind 



Uwcmlii-r. 



.I;,, 



Il,,,-' 



XXVI 
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Records for 1848. 

Memphis, — From records of Navy Yakd. 



Date 

1848. 
1 


Jimunrj. 


Ftbrutirj. March. 


A|nil, Jlny. 


Juno. 


July. 


AiiffiKi. September. 


Ocfuber. 


Xtivrjnl*r. hui. iiilnr. 


Cge 


Wind. 


0> 


Wind. '.")ii 


mm. 


Cos 


inw. 


,, ;,, 


HYirtf. 


(."at 


Wind. 


firji 


IITlirf. 


ffjp 


Wind, li'ffr Wind, 
Ik.:: KW. 


I?(ir 
4.2 


HViirf, 

Ml. 


0> 

2.ii 


Wind. 
SW. 


i.\„ Wind. 
11.7 S. 




































iZ 


It 


•Hi 


1'.. 


W 


11 


































n.r, " 


4.1 


BW. 


n.;. 


BE. 


nm 


BK. 


































1 1 .:, w. 


4.1 


K. 


a.o 


rt 


7. -J 


M 
































|-v 


N. K. 


4.U 


HK. 






N.I 




e 






























l;t,l 


IM ■■ 




■' 






KJ 


N. 


t 






























1.1 ,:t 


- E. 


.1.7 


& 










K 






























I::.J 


.. 


■* 


3JJ 


KB, 










g 






























13.7 


.► 


!>.:. ■■ 




** 










lo 






























I&fl 


MV. 


(.a bw. 


S.'J 


u 


n.i 








11 






























Wl ■• 


s . ■. 


:\.\ 


K. 


XI 






































KM BW, 


J.U B. 


tot 


\l. 


4.2 








13 






























130) N B. 


7.7 « 


to} 


A 


l.;V 


SK. 




































Vi3 " 


tS W. 


tot 




4.7 


11 






IS 






























1H 6W. 


n.S •' 


11 


IT. 


411 




































10,1 KW. 


,,,, .. 


:t.-j 


■ r 


fl.U 


NW. 






\: 






























]lpn 


-■ 


.'..2 BE. 


:u 




0.(1 


S. 27.2 SW. 






























ii.;: 


H 


S.« " 






IU 


" SB.7 •• 
































S.!l 


u 


!..■• 8. 


-in 




;..-! 


i>,.2 I " 
































-:. 


>M\ 


.■,,11 11". 


::.; 


bi 


7.J 


xe. a m NW. 
































:■■ 


H. 


W) B. 


::.,-, 


BW, 


7.7 


N. 


**** 






























7.4 


u 


AS , « 


a.ii 


it 


7.ii 


SW. St.7 W, 


:'.: 






























Wl 


n 


.. 


9.S 


it 


B.O 


SB. 24J) Ii. 


■JA 






























TJi 


SE. 




:;.ii 


w. 


7.0 


W. 2M i W. 


-T. 






























7jB 


BW. 




■j .« 


Ml. 


7.7 


23.1 


S. 


M 






























M 


SK. 


AX. N B- 


'in 


SK. 


7.7 


22 ..i 


.4 


8 






























Ml 


sw. 


4/> SW. 






T.3 


BB. .11.7 


SW. 


SS 






























hi 


-1..: B. 






7Ji 


& sm 


K. 


B!l 


































4.:. sw. 


&s 


SW. 


7.11 


■4 22.2 


K. 


30 






























;>.4 


W. 


u s. 






u 


KW. ml.M W. 


31 










































[£U •■ 



Records for 184 8 — Continued . 

Carrollton. — Observer, Fbotisidx C. Q. Fotihiiev. 



Dull 


January. 


Kbmvrj. 


March. 


April. 


M»j. 


June. 


July. 


Allguit- 


ft.jjli'inbcr. 


ii, i,,i„i. 


S, .i-ii, 1,, 1- 


[KruiillK-r. 


INW. 
1 


Cgt 


Wind, 


G'gt. 


Wind. 


(Tgt 


Wind. 


(Tgt 


Wind. 


C*(ff 


H'j'm/, 


(fge 


Wind, 


<Tgr 


trind. 


l.-gt 


Wind. 


fffe 


Wind. 


;;, 
11.11 
11.4 


Wind. 


1.2 
1-1 


Wind. 


tfgt 

M 

'1.1 


HV11V. 


a 






































04 




•■4 




',.■: 




i 






































04 




'■( 




fi/i 




s 






































O.J 




I /, 






H 






































0.1 




Ij6 




f,/, 




7 






































O.J 




1-7 




6,7 




8 






































■ 1 




i.N 




fi.ij 




9 






































o.a 




1.9 




r; 




10 






































0,1 




1 1 






11 






































0.1 




1 ; 




7.7 




12 






































O.i 




a 




"1 




13 






































0-1 






K.I 




11 






































0.1 




1-7 




»l 




li 






































0.1 




14 




w 




in 






































II. 1 




1-" 




M. 




U 






































0.1 




I 1 




B.7 




n 






































0.1 




14 




H..i 

w.l 




in 






































• : 




14 






UK 






































0,1 




3,11 




si 




21 






































0,1 




I J) 






22 




































0.1 




4' 




M 




23 

24 
SB 






































o-l 








10.1 

10,1 

III.S 




SM 






































0.6 




a 




10,7 




27 






































0.7 






10 J) 




2* 






































o.u 




!■! 




11.0 




'.11 
Ml 






































ii 




n 




1 U 




31 






































u% 








iiA 





APPENDIX B— DAILY GAUGE REGISTERS. 



XXV11 



Records for 1S49. 

Memphis.— From records of Navy V.uin. 



Hut*. 


jLttmu-y, Febnmt-v. 


Mm h 


April. 


V IV. 


June. 


July. 


An fn- i. 


.— [.( -mill i 


October. 


N'nvf-niLflr. 


l-.v.-lsih.-i. 


IS Id. 


Cm HtiiA '■> KViiJ. 


ff^ (WlKf- 


ffgt Wind. 


1 


fffle Wind, 


(.-,),■ mmi. 


i 

<Tt!t ' mud. 


.,■.,■■ 


irvm/. 


Wsfi'lPVuiI. 


(r-/e 


llVud. 


.,■„- 


Wind. 


I 


24.'.'. H. SW N'W. 


UJ SK. 


:U.s SB. 


t-i.fl NW. 


■il.7 ' S, 


m .<«■. 


1*3 SE. 


1 1 2 


SW. 


6,3 HW, 


!•■-■■ 


w. 


12.0 


SE, 


g 


•».!> \E. IU.H " 


'...1 UW. 


JU E. 


11.4 " 


31.11 ' " 


1 :>..-> ■■ 


(Ml ■■ 


El.L 


K. 


6,11 E. 


HW 


ssw. 


1,1.6 


Ml 




9,9 ■• ;n.l " 


uu ■■ 


3U S. 


lK.1 ■• 


2".t , i KB, 


1S.5 K. 


lll.S 


SW. 


12.11 


SW, 


ti.f. 1 SW. 


u.;, 


SW. 


UA 


SU. 


4 


■2rt.fi SW, ■■! ''■ '* 


lft2 | u 


lilji W, 


l<vl SB. 


■2H.1 NW, 


1B.5 SB. 


1D.S 




12.7 


E. 


.1.4 E. 


l..'i SE. 


1.1.6 


*<. 


a 


•7.2 " i"1.7 1 « 


1H.8 1 ■* 


:tl.S E, 


14,6 SW. 


19.(1 ', NK. 


ISS SW. 


ii-., 1 ; 


.. 


12.1 


.♦ 


"IS " 


8.7 


.* 


1 -...-. 


W. 


r, 


■7 7 u :j|.S sw. 


I'.I.S " 


;i7 s. 


ls.7 ■■ 


19.3 SK, 


IS.fJ StE. 


K1.S 


SK. 


12.1) 


S'W. 


11,7 1 S. 


H,2 [ 




I...I 


ESE, 




-s4 S. S1.6 ' >'. 


21.7 V. 


SI. 7 •' 


18.1 ■• 


111,2 


.1 


19.0 " 


111. II 




11.1 


F. 


li.'.l SW. 


7 ,H SW. 


1.,,', 


B 


g 


2*.-l X. "a." 8K. 


as bb. 


am ■■ 


1D.2 | BR 


is.a 


re 


111.2 


n 


14.J 


S. 


11,0 


.. 


7.1 ! " 


7.9 SW. 


15.2 


s. 




■s7 m :il> « 


2:;.» sw 


■ ■■]. 1 Ml', 


J 9.7 « 


lii.3 


SK. 


1H.7 


a 


IM 


SW, 


10.6 


w. 


7.3 i XK, 


7.1. SK. 


1., 1 




in 


^.., VS. S1.7 SK. 


sOJl - 


SO" Ml. 


20,1 , K. 


WJ) 


w. 


'MA 


*<■ 


IM 




0,S 


SW, 


7.4 1 W. 


7.1 •■ 


lu,fl 


SW, 


n 




:;>.:• gW. 


IM - 


. >.,- ft", 


au k. 


I'U B. 


!i 1.4 


5W> 


14..' 


SK. 


11.2 


SW. 


7.5 1 SSW, 


7.U , K. 


I.,.-. 


ES E. 


27 5 


j- SI U SW. 


SA w. 


H1.8 SB. 


■2 .y. B. 


i«.a sk. 


2'1.S 


SK, 


1 1.7 S. 


K.ft 


\K. 


7.'-. KB. 


(l.rt | SE, 


lfi.2 


SE. 


ID 

II 

la 

10 
IT 
1* 
14 




MY IU SK. 


2%r. K. 


.">." MB. 


■4IJ9 NW, 


ii»,y se. 


-21.1 


K. 


■ ■ 


,.■' 


N. 


7.'i SK, 


(1.7 i* 


lii. J 


s 




MA SW. 


■:>.-; SW. 


*(,S 1 « 


■21.2 | " 


'21.3 S. 


21 I 


i. 


EI.H <■ 


7,« 


SE. 


7.6 


" 


(IS w. 


lil.r. 


ESE. 


■■■'. : , \v S1.8 ■■ 


am s. 


ma , se. 


aj « 


■22.'; E. 


a.o sw. 


l:i.:: SK, 


-1,7 


" 


?.fi 


'■ «.!! | «. 


I'.„. 


ffE. 


■>rst i * : '>--' 1 ■• 


..■i.-2 » 


■27.H 1 " 


1£!.l " 


■il.'t 8W. 


2U | " 


12." sn. 


0.4 SW, 


J ,4 


SW. 


7.2 SE. 


Iii.7 


S. 


•jn.ft | S. : '-l ■'■' '• 
■il 2 . •> :;i.s " 


a \x sr. 


a ■"■ s. 


■ji.'j sns. 


•2::.n i ■ 


21.1 " 


12.7 1 " 


ai w. 


7,ii 


w. 


7.4 K. 


llS.H 


B. 


KM - 


.- 


-.',,.; ■■ 


,-24.11 « 


au; se. 


12... ■■ 


li.lf 1 " 


U.7 


SK. 


7.3 ; iv. 


17.0 N E. 


tm 1 " 813 8K. 


36.0 V. 


27 2 


« 


aia ■■ 


2I.<| B. 


■jr.i; ■■ 


I2.H , « 


S^ \. 


M - 


7.11 E. 


17.2 9, 


SO 


JM .. JM - 


M.I 8. 


21..2 


\. 


L7.il " 


«/l \ K. 


21.7 •' 


I2.ii '■ 


5.5 S E. 


nj) s. 


7.IJ SW. 


17.>> ¥.. 




j;..; \i. 38.0 » 
Jjt.l VII. 27.,'! ' " 


31-1 SW, 


,'7.» 


SW. 


ST.8 S, 


U.2 B, 


21. s Ml', 


12." SK. 


s.ii ! w. 


6,0 S1V. 


7.4 S. 


1S.1 w. 




;i.i ■• 


9tt 


- 


_'\'i ■ 


.31.1) aw. 


3U.A SE. 


12.11 SSW, 


4.7 SW. 


ii.4 SW. 


s«.a 


SE. 


19.11 « 


isi 


."i.'i •■ ii.O E. 


*U » 


36.5 s. 


iVI SK. 


21.7 S J W 


1D.4 1 « 


U.D SW. 


4.11 1 NK. 


7.2 i W. 


■,i.i 


E„ 


21 1.2 , S, 


24 


.':'.'' SE, ;ij 


Sl.fl SK, 


24.S SB. 


2--... \ 10 


21.7 SW. 


'll.H i SE. 


111. 7 SK, 


4J 


S. 


7.6 S. 


9.3 


SE. 


*2VN » 






ai.ft - 


■■:-..- - 


2*.6 , SW. 


3*.ft 1 i 


17.7 SW. 


IIS w. 


u 


NE, 


SU » 


IM 


SW, 


211.2 ' " 


8lJ 




SU SK. 


ffi l « 


27.H « 


.21.1) " 


]../, 


i* 


ll.S SK, 


5.5 


S M 


».'.> ! SE. 


H.7 


U 


,21.7 


, SE. 


4J 


,;■•.: \E. t?>." SB. 


31.T. K. 


■21,". gW, 


a ■-. -■ 


sajs se. 


16,1 


- 


11.-' w. 


*,T 


SB, 


9.7 «■ 


H.7 




3,1,5 


ESE, 


lis 

-■■ 


SM SB. 14.2 ' ■' 


111,1 


asa « 


-■.-. ■■ 


'i '2-2.7 ', SW. 


■U.S 


W, 


l-2.'i '■ 


Ml 


W. 


Hl.-l SU. 


H.ll 


w, 


"fl.l 


SE, 


31.0 " 


H.I SB. 


v.'.i SB, 


».a ^w. 


31.11 g, 


i;.s 


SW, 


13 J) SW. 


6,1 


SW. 


■■m.s 


M 


vl 


sw + 


263 i ■ 








JljS B. 


i i.o s, 


■2U1 w. 


r.i.-, 


.. 


lr.,7 


SF., 


.111..-, SK, 


11.2 


Is, 


lui 


V 


U.B 


w 


26.3 I ■ 


SI 








SI.? " 




1 ! 








|u T 






m.ii 


saw 






27.6 i BSE. 



|..i 
IM:' 


,l,,|i.i •: 1 


l.-./r ir.n.J. 


1 


1 • 


3 


II. r. 1 


.1 


II - 


4 


11.9 




.1 


ll.I 




n 


11.1 




T 


11.1 




1 


IU) 




9 


n.i 




19 


uu 




11 


KV 




1 


lt/l 




l:t 


lift 




it 


■1-7 




lb 


N-C 




16 


1+1 




17 


11.2 




1- 


U-i 




in ;u4 




W 14-5 




21 144 




22 m 




14; 


21 


I4..I 


V- 


HJS 


3H 


!*■'■ 


27 


14,6 


>» 


!,'■ 


-I 


140 


M 


i+: 


;»l 


it: 



Ft iHnary. 



M.,r.l, 



Reconh for 1S4D — Continued. 

Carrollton.— 01isf2rver, Prufrssor C. G. Fubkiikv. 



A].ri], 



M ,1 



.hi hi*. 



1 nv/ 



14- 

I4 _ 
'+- 
'4 7 

1+3 

!*'i 

U-7 

•+■7 

14-7 

'4-7 . 

•4-7 ' 

'4- 

'4-7 

Hi 

'47 

>•' 

' + ■'■ 

','■ 

'4- 

1+1 

i+7 
I4»7 

It- 
it? 



'4-7 
147 
>4-7 
1+7 

'4-r 

!t> 

14 ^ 

.5 = 

ij.i 

Ml 

! I 

15,1 
1 
1 fa 

■W 
i+7 

I4,<i 

■ 
14/. 

14.'. 

u', 

14'. 

U.i. 
14-'. 

'. 

u- 






H-,,.,J «.,,. 
It " 
1+7 
I4J 

14.8 
14.S 1 

■ 

14.fi 
14.fi 
ho 

w 
14'. 

.(-■ 
i+*l 
14.(1 , 

;t:: 
14.5 
»+i 
U4 
14.J 
11 ■ 
i 

it; 

u: 
'i ■ 
14.; 



Wind. I, Sit 
'4 4 
III 
14-1 
'4-4 
'44 
'44 
'44 



u 



;n 



144 

'44 
'44 
'44 
14.1 

I 1.2 
1..: 

>4-J 

[4.; 
14.1 

14.; 

1+1 

>4 ■ 
I4.I 
l 4 .r. 
14^1 

[4,0 
11.11 
1 i'J 



IfVnd <,-,,„ 
II J 

IJ.I 
H.» 
11,1 
■1-7 

EST 
I I A 
If.J 
'14 

n-j 
ij.i 
1 i-i 

1S.2 
'iJ-» 
tl.tt 

i:i,2 
ij.i 
U.i 

IJ.I 

IK.2 

njt 
u.i 

u.i 
u-i 
u.i 

1 . 

U.n 
U.rj 
li.j 
11.1) 



.Inlv. 



IFimf. '."-/. 
11.S 
11- 
12.1: 
lii 
'i-i 
114 
1:4 
u.i 
u.i 
12.2 
u.i 
11.1 
12.2 
11.1 
i£,i 

l£.l 

12.11 
11,0 



i I ■■ 

II.S 
'11.7 

11.7 

11.7 
II.S 
II.S 
I l.< J 
IMy 

I - 

II I 
12.2 



II W(. 



An'-'n«l. 



s.-i.tnii'-'i-. OctoW. ■ Siivt-mlicr. 



Eii.,,iri.i»-r. 



1,-gr. 
li.j 
1:4 
IM 

14 >i 
l+> 

1 1'! 
1 I.o 
l|,o 
ij.i 

I J.O 

11.1 

11-° 

I l.ll 
l)JJ 

■J-o 
IJA 
11.9 
11-7 
11/1 
142 
11.0 
1 1>. 

il:: 

1 i.r, 

II- 

11,7 

11,7 
1 1 ; . 
Il:: 






trtnd. ',-,/- "■ 
■ -, 
. .) 

1 * 
1 .4 

io.S 
IB. J 

10. r 

r A 
l-i.l 
' ■ 
I'J 1 
1 1 1,2 
to. I 
I - ..:■ 

<t* 

■'.-. 
tq 

14 

V-! 
64 

5--i 
■I.', 
,,4 

M 

4-'' 
+4 
*■' 



,1./ 



i,',,, OTnd. 


I. ()( 


MVurf. 


t."# 


u 




4.0 
+» 




1» 

3.B 


1.7 




a 




1,1 


1.1 
1,1 




§ 




4-'> 
4.S 


■' 1 




4.K 




M 


1,1 




4.K 




"4 






J5 
4.1. 

4.1 




?3 


1.7 




;i,.i 




b 


;.:-: 




M 




<j,i 


i.H 




).t, 




u 


2.(1 




1-7 




to 




I.'. 




9.A 


!■•) 




l( 




M 


I.S 




K 




M 


2.X 




2jl 




IO.0 


1.6 




M 




19Ji 


S3 




1.5 




10,7 




M 




1 .', 


11 




2.1 




1D.T 


> - 




M 




In. ■ 


M 




l.f. 




10/j 


\i 




an 

t.o 




10,7 

11,0 


us 




).t 




\\i 


il.7 




M 




1J 








mi 



X XVII I 



REPORT ON THE .MISSISSIPPI RIVER 



Records for 1851). 

Memphis. — From recnnlii of Navy Yaiid. 
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ReconU for 185 — Contain ued , 

Carrollton. — Otiservcr, PaorEssoa C. 0. Fonsiitr. 



Date. Juiiimrj. 



11.- 

12,11 
12.2 
1 12.3 
12 2 

12.4 
U.l 
l_'.;s 
12,5 

I - " 

12.ii 



12.S 
I) ■; 
!■:■ 
l:;.j 
[1 I 
13.4 
lj.( 

tai 

I.-..- 

13 1 

i;;.:i 
l.'Ui 
::..; 
13 t 

13.11 
• ■;.„ 

i:;.i, 
13,« 

13.; 



Ki'liriiary. 



Wind. Km 

U-7 

13.1 
111..'. 
13.4 

ma 

13.1 
13 I 
13.4 
El.tl 
I3J 
EU 
13.3 
13.;, 

13., 

13..; 

13.li 
13,3 
13..' 

ISjQ 
\\n 

Ifc8 

1-J.I 
l-.'.'l 
i J '.. 

12.11 
12.11 
12.9 



Mltrrll. 



Ajihl. 



liny. 



Jim-, 



July, 



Aug imt. 



II 'in d. (Pa 
[12,9 
12.9 
J -' ■/ 
12,9 
13,1 
13.1 
13.1 

13 1 
1 3.1 

tru 

12.9 
IU 

12.9 
KV.I 

i . a 

in.- 

i 

(J.S 

1 23 

I1.H 

I -.'.' 
U.K 
12.S 
U.K 

l;.S 



ItVitJ. IT at 
12.1 
l:.1 
12.9 
12 9 
IU 
12 7 
l: 
12> 

ln.a 

ti.S 
I2.i 
12.9 
11 >l 
ll.i) 
12- 
.;:- 

iaj 

11.7 

1 17 
11.7 

12.7 
11,7 
li.7 
11.7 

1 :..■; 
12.1 
li.fl 
12i 

IJ.S 



Wind, Cor 

12.9 
12.11 



1231 
p: ,, 

iii 

U.7 
I2.rl 

11 1 

i -j.-: 
11,5 
12.11 
UA 

12 1 
1 2.:i 
!2.<i 
12.2 
I2.ii 
ttl 

12.2 
12.2 
lit 
12.1 

I1J3 
1 I J 

tl.s 

11£ 
1 1.1 
12.2 
u ; 



1 1 71,,/. 






(.',,. 
11.1 
12.2 
ll.i 
II-.; 
12.3 

1 : 1 
1 :.1 
12.1 
li.l 
111 
1: 1 
12.2 

I..-.; 

'»■! 

Ii I 
12.3 
li.l 
12.1 
12,1 
II* 

ixo 

i-.-i> 
it* 

I : 
ll.i 

II I 
ll.K 
112, 
" i 



ll'inij. C« IFlHd I. 

11.1 

la.,, 



1 7 
111 11 

' * 

li..-l 

1021 
1 1 

n 

n 

■>.- 

i.-i 

; -■ 
in 



•rind. 



:-. |,i. ,,,r,, r. 


Oclaln-f. 


NuvrmlHir. 


HeM.niW, 


Kijt Wind. 

2.1 


w 


Wind. 


0.4 


Il'i'iid. 


era* 

1.3 


1 IV 11 d. 


2.3 




321 




11.2 




ll.K 




>«J 




2.N 




0.1 




0.7 




221 




221 




0.1 




"J 




ii 




1.9 




0.1 




11,7 




u 




1.9 




ac 




0.7 




l.ll 




121 




0.0 




11.1 




1,0 




1..1 




-11. 1 




03 




1.S 




1,3 




(1.1 




921 




IJ 




1 , 




".ii 




IM> 




1,9 




ii.il 




11.1l 




11.11 




1.9 




H.7 




9,2 




IJi 




1J1 




Ii.il 




0,0 




1.1 




2.11 




0-7 




(l.ll 




1.1 




2.11 




ai 




0,0 




1.3 




13 




«,it 




OJ1 




124 




1.11 




n.9 




11 : 




224 




2,3 




i.-i 




"... 




2.(1 




2.1 ' 




11.3 




-njl 




a,« 




1.7 




11,11 




^j.i 




3.(1 




1/1 




n;-. 




02) 




u 




t.l 




mi 




11.1, 






1 . 




■ ..: 




03 




I..3 




it 




11.I 

-11.2 




.11., 




0,1 

'■4 








024 




11 




£J 




1,3 




11,1 




l> 




,!'i 




"11 




11.11 




ii.'.t 






2,4 




0,0 




11,7 




1..9 




1,1 




11.11 




eg 




(..9 








U 








7.9 





APPENDIX 15. — DAILY GAUGE REGISTERS. 



XXLX 



Records for 1851. 
Memphis.— From records of Navy Yari> 
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--M. 
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w. 
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S3 


M 


H 
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El 


*J 
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M 
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NE. 
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M 


SK, 
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" 
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SW, 
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'* 
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S.tl 


>■ 
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u 
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NW. 
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SE. 
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SE. 


27 
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8.1 




4.(1 


SE. 


2H 
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B 
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SK. 
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it 
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n 
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SW. 


4.11 1 SW. 


m 
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SE. 
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* M.,i!if,|iia A;i|j0Jtl. 

Seeordsfor 1851 — Continued. 

Lake Providence.— Observer, Mu. W. J. Cubby. 
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Nosh. 
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t.-flr 


■. !■ fPlHll (,"■ IP 


>i'<Jf H'fiirr. 


-,",,■• U,,,,7 


1,-,,. 


tivw. 
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Ill MV. 


(I- SE. 
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NW. 


71,11 


SB. 
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u. 


1 1 - sir. 
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NE. 
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;i. 
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BW. IW.S 


" 
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u: si:. 


HJ S-K. 


X.j> 


ssw. 
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MV. 


f. 
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NW. 


:,7-il 


,' 
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4,'..l NW. 
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.SW. 


-■;:: 


M 


7 










4,2 V> . 


4-I.Si SK. 


32,7 


SK. 
















I..,," SE, 


I--", W. 


: 11,(1 


Ml. 


;i7;i 


" 












.. . « 


43.1 N IV. 


:;1.2 


SB. 


:-7,-' 


SE. 


1(1 










4, ">.n SE. 


. j ■ 1 MS. 


30,4 


ri 


S»,3 


« 


11 






ITJ 


E. 


1 


** 


■ -: » 


»1 


« 3*,S 


« 


12 






10^ 


M 


I.",,". 


K. 


4i'.:. sw. 


7-1.1 


Ml. 


!W,H 


K. 


1.1 






1 '.•..'. 


■ 


I-",... 


S. 


1-. . ■■ 


■ ■ 


M 


,;.i.2 


SW. 


14 






Ml, 


!.... 


M 


12,5 W. 


2«.4 


NW. 


:i.i ;, 


„ 


1.', 




■ 


W. 


1 .... 


.. 


u.i. ■■ 


*2J 


^\\. 


7IU.II 


» 


1(1 




.'...;; 


N 


L1.4 


K. 


tw ■• 


28.1 


»* 


4u.!i 


11 


17 




»J 


NE. 


IA.5 


.. 


-Kt.il KBL 


W.I 


•1 






H 




■ 


" 


45,4 


S. 


1 H 


. 


ni 






1» 




■ , ■ 


BB. 


45.3 | N W. 


43.1 1 " 




41.1 


K. 


'.*i 
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11 


iv; SB, 


r _■ ■■ 


■>.: ssi:. 


41.2 




.-■: 






Nil 




M 


■ - 


1 .; 


s. 


11. 1 


■+ 


22 




aUri 


SK. 




w. 


1-..1 


M'. 


SUA 


:-u. 


41.S 


SW. 


2,", 




1 ■" 


" 


.. . 


NW. 


1,1 


S. 


2- 2 


« 41.IS 


" 


■! 




11. r 


M. 


" 


" 




Ml. 


3SU 


NNK. 11.7 


SE. ! 






■ 


Mi. 


1 ■..:; 


SE. 


12.7 


44 


2-.i,!i 


SW. 


41.7 


NW. 


So 






.. 


■ 


* 


12 I 


SW. 


iltJJ 


" 


tl.H 


»w, 








1 . t 


X 


».v: 


■■ 
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w, 


as ., 


sK. 


II." 




2" 






tl ■) 


NW, 


I; .2 


tf 


412i 


SW. 


H4.U 


■' 






:i 










l.„l 


A 


>■•:• 


NW. 


;'J.7 


s». 


12.11 


tm 












,1 


1 ■/. 


n 






12 H 




.',1 








43.11 








w 


as. 







July, 



August. ' Scjiltmbfr, 



l.'gt. Wi»U 

-i7.il MV. 



12.(1 
12.1 
(2.1 
(2.1 
4'2,'J 
l_2 
42.2 
JU 
I ■ 1 

a - 

12..: 

12.2 
42.2 
42.2 
42.3 
12.2 
42.2 
42.1 
I.'! 
t.M 
I-.'.! 
42.1 

ll.:i 

41. « 

11.7 
I'. 7 
I.. I 
ll.H 



NK. 



SW. 



I. I 

(?ge Tft'Att 
4n,S SW. 



NW. 

NK. 



SW. 



11. 

\SH 



slV. 

SK. 



s«. 



38.7 
:j>i.2 

.:■■,.■. 1 

:i,-,.:i 
:.,.:; 
31.M 

:.2.-- 
;S1.7. 
.,,1.:. 
v 1 -i 

2i2 

■_„,,, 

J i.l 

SMI 
:i,7 
20.11 

.: ■ I 
3U.3 

."/, 

;:'i.-.i 
81.1 

:11.2 
■1.1 
.. . > 

■211.7 

21i.2 



SE, 
SW. 



SE. 
SW. 



sn. 
SW. 



SS1V. 
S1V. 



SSW, 
SK. 



SSW 



NE 



27 7 N E. 
Lf 7 JJ 



0ctl>l«T. 



2'l.S 
211,4 
2n.l 
£4.8 
2.', ,4 
ibS 

21., 
2:i.ii 
22.11 
28.1 

71.. 

30.7 

211.11 
1 11.3 
IV. 
Is. I 

LTJ1 
1 17.S 

1 17-1 
lil.'.l 

1 114.8 
li:.l 
llt.3 

I lfi.ll 

ia.8 

I.-..T 

l.„7 

l.„.i 



\ 17. 



SK. 

M 

E. 

N I'.. 

SE, 

SE. 

E. 

SK. 
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SK, 
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SE. 



1...7 

IS.] 
10.2 
l«,3 

17,1 

1,1.4 
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15.ll 
1.1.7 
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l.'i.ll 

I'l-l NE 

1(1.-7 " 
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tll.N 

17.11 

17.1 

17,4 



SE. 

N 17. 



17 1. 
17.7 
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sE 
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17.S 
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17.1 , SE. 
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1 
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1 ».s 
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1(1.4 
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14,11 


SK. 






14.H 


SK. 






14.(1 


SE. 
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1421 SE. 






14.2 SW. 






14.1 


NW. 
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SW. 
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+' 






ia.7 


NW. 
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13.4 


SK. 






i:;.2 SW. 
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l::.:i SK. 
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SW. 
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■* 
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14.". 


SW. 






11.7 S'K. 






ll.ii MV. 






11. 11 N17. 
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Records far 1851 — Continued, 

New Car thag e .—Oh «i> rv e r , M u . A . R. Aokikk, 
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JUII". 
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! 
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SW. 
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.1 
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., 


41.3 C..I111. 4'i.K " 3J.1 SK. 


10.3 " 


11.11 BW, 
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N. 
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4'17 


SK. 
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:i; 'I SE 


SUA 
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4I.J SK. !4'i.;i SW. SI..', s. 
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lu.s 1 XE. 


D.H 
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41 1 


SW. 


J ■ ■- >ll 


..-.■' -II. 
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«i 


41. J S. MM) I'ului. 


U'3,11 ■ (Tlllni. 


1'i.n KB. 


Iii.l | fiilm. 


II 1.3 
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41 1 


K. 


43 T 


SW. 


aduo mv. 


37, 4 


.. 


U.3 I'nlm. ::■-..-, - 


3SJ) SE. 


PJ " 


I'M 


N « . 


lu.T 


Culm. 


Il 
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& 


HI li 


m-:. 


S4.S SK. 


.■!'..•; 


it 


41 J stl'. .::•: SE. 


23J) " 


-'.'.1 SK. 


BJ 


NK, II.I 


SE. 
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>. 


1.-; .". 
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■■ 


11.1 si:. 3&fi « 
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e.u \k. 


•.i.'i 


CnlmJ)1.4 ' 
SE. ill. 6 film, 

11.(1 , SW. 


.i 
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■I'M 
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4 I.J " 3SJI r.ilm. 31. t 


■.." SW. 
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sa 
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M SK. 


0.1 
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un 
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n 
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h.l» 
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SK. 117 
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N. 


4"* 


sw. 
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I'nlm. :ihi> mlm. 


:■,; :i 


I'illlM. 11.H " 


31 .1, SW . 


I'M, t'llllli. 


H)l 1 " 


H.ll 




IS 






15J1 1 NE. 


HO 


NP 


4-7 


se. mui , » 


3; ;■ 


,41 .11 SW. 


103 I'nlm. 


I'.t.l '. SE. 


1", 1 sw. 


il.il 


11.7 
Culm, 11.7 
Ml. 11.7 

SK. [il.il 


N. 

i 


1.1 






1 ,.s SE. 


tan 


.. 


Ml ft 




.. ,., .. 


!ff,T 


SW. 11.7 SE. 


Jl 1.4 


" 


11.11 " 


1 iiim. 




14 
IS 






I7.n ■* 
iK'l KIP. 


4:tj> 

43 d 


» 

Culm. 


43.4 

■13 3 


sw. 

t« 


-J0.il " 




SE. 41.7 " %Ui 
(Vim. 11.7 c.iliu. '.'»." 


H 


1 ; 7 B B. 


1*1.7 NX 


H.l) 


I'l 




•ii.i ' i't 


4.1.1 


Sll. 


j.,.. 


A 


W& SW. 


USA HW. 41.7 ■ " 137.15 


*l 


jr. 11 


111,!) , " 




i rtlrii. 






IT 
IS 
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as.n se. 
sue k. 

■■■'. SK 


1 . 1 
!-;.-■ 
I.I ■■ 


Ml. 

V 


1,: 
If 1 


B 


-..- . SB 
9*,4 " 


::ri.n Culm. 41.J siv. 374 
.'i»:i SW. |41.s f'ulm.'Sf.l 


SB. 

s. 


18J! \K. 
lK.fi I'nlm 


11,11 , I'illlM. 

11.3 " 


S.. r i 

ti.ll 


" 


11..' 
il,-. 


Rslm. 






\K. 


j.,„ 


BW, 


3M.4 SW. 


:sp,i Ml. 41.K | >', 07-8 1 fVlro. 


11- SK. 


113 SB. 


M 


SR. 


)l.!> 


SW. 


30 






;,i !i MV , 


43.3 


HW. 


4>l 


MB, 


284 s. 


:;:..« C.li... 11JI " -T.l BK, 


11 ' f..ll.i. 


'.).., B. 


s-' 


MV, 


II.,, 


Culm. 









S3.ll " 


4:1.3 1 SW. 


IS l 


KW. 


J 1 SW. 


1,, m us Culm. -j: 4 sw. 


13.11 SK. 


11 , mini 


7.11 


i [In, 


11.11 


" 


33 






36,0 XB. 


KM W. 


l-'ll 


SK. 


s&a » 


4na's\V. 41.* ' " -T.:. SB, iwi " 


VI Jl XB. 


H.I 


MV. 


11.7 


El 


•13 






HB.3 BW. 


is -, 


MV, 


II II 


K. 


JS .. 


4' b.4 SF. 11 ' SK. 37.11 N\V. |l!1.7 ' Culm. 


1 1 : !■ k. 


%3 


sw. 


11.11 




■j 1 






BIJ HE. 


1,1 s 


\ 


II 'I 


SI', 


31.0 S ft 


4'i.,', c.iiiH. ti.7 m:. -J7.T sv\. v.:.i ■• 


11.- Culm. 


«Ji 


M.. 


13.11 




3ft 






iw.ii H. 


1:1 n 


SE. 


41 7 


it 


37.8 1'illn. 


1'"-, ■■ 41.S SK. 37.7 ' nilm. llj S, 


1341 | 


-jl 


SW, 


11.1 


SW. 


■m 






3*,l SK. 


B.J 


UK. 


41 It 


OI m. 


BW - 


4MS SK. jll.7 ■ 377 W. 11JS SW. 


tlW V. 


s.u 


SE. 10.3 


Culm. 


■n 






ska a. 


I.1J Culm. 


41.11 


SK. i'l SW. 


!..■, s 41.,-. s. ijSJi 1 CnlillJlU S. liji 1 Si E. 


0.11 


' ■111. 


H.l 


M 


«a 






-.■•- \E. 


KM SK. 


ll.'i 


31.1 Cairn. 


4'i.',l SW. 11 r. ■■ .-7.1 SE. In.'.i UK. tifl j " 


'.<.:', 


MV. 


7.7 


SW, 


■£) 










!:." \E, 
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SW ::_'.;-. ■■ 


!■■> ■• 41..-1 " an.7 ■• uu sw. 


11.11 , sw. 


','.:i 
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13.11 BE. 
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Ml. :;.■;.< ■■ 


4U) SE. 41 4 SW. -'il.l " 


1 . , . . S K. 


11.7 " 


'...1 


SW. 






:n 










44,11 j " 




S&S BW. 


4l:l i'..li'i. :,..". SB. 
1 1 




11 Ji Calm. 











Rx-orrf* fur LS'jl — Continued, 

Natchez.— Observer, Mo, J. (.'. Bbowx. 
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Ft'linmry. 


Marcli. 
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M*j. 


J 


10^. 


J.ll.v. 


\..;h t. 


Sc [it miller. 


Octubcr. 


S't.vt.mlH.r. 


I)., -villi" 1 


ISftl. 


,.'„■ 


tViwI. 


<r§t 
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tj'ffe 1 Wind. 
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fj> IFin.l. 
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il',,,./. 
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hiimJ, 


'•'it' 
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ll.ii.I. 
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s. 


<>"m 


Wi»il. 
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SW. 


f,1 N 


W. 


1-..1 


H. 


3'J .7 S. 
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\« 


l.Vtl 


\k 


l"l 




13,1 










'1 










17 1 


w. 


f,1 s 


s. 


17 - 


SW, 


41I.II , " 


K',7 


NK, 


4.1.1 


MV 


I '■ 




II.'.' 


SW. 


13,4 


w. 






s 










47,1 


N 


,',!.* 


SIV. 


i: ,a 


s. 


l",3 


" 


1 ,.7 


g 


1,",,1 


Ml. 


)OJ 




1 1.7 


" 


l::._' 


sw. 






4 










47 7 


s 


(il K 


w 


M 1 


HW, 


4H.« 


iL 


1 '.7 


- 


4...I 


sw. 


wj-l 




11.7 


" 


[,., 


S 1 :. 
















47.* 


•■ 


..I v 


W. 


l;',.n 


MV. 


1tl.7 


" 


C'.S 


SK. 


11.', 


41 


lis 




11.1 


" 


13.8 


SK, 
















W 1 


MV. 


81,1 


MV, 


IIA 


" 


H," 

11.3 


*■ 


1 ■..•! 


S. 


1.1:' 


" 


a.] 




II.I 




13,') 


SW, 






7 










1R.1 




,17 


S. 


41.11 




w 


1 ■■■ 


HE. 


4:1.1 


n 
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11.4 


SK 


11.7 


sw. 






- 










•HJ1 


s. 


,M,7 


sw. 


43.11 


s. 


41.4 


,. 


1 -,.'.' 


s. 


43,1 


M 


171 




11.11 


sw. 


Ii.i 


sw. 
















4H.ll 


(tW, 


41 J 1v. 


.,.,., 


»* 


41.M 


« 


10.11 


*■ 


41,1 


" 


3'i,tl 


SK. 


u.a 


SK. 


ll.il 


w. 
















(t I 


SW. 


.',1.1 \. 


414 


; . 
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,E 


46.(1 


SW. 


•1(1.3 




ItUfl 


K. 


1 i.'i 


s 


l'J.3 


s. 






11 










4i 4 


s. 


SL3 Ml. 





'* 


113 


aL 


4.1.1 


w. 


3:i.3 


" 


j.,.:, 


W. 


11 7 


N W. 
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13 










. ", 


SW. 
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3'l'l 


" 


43 '1 


M 


Mt\3 


" 


IS 31 




3..M 


s. 
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IV. 
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E. 
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s 


W.d w. 


.lll.il 


*' 


i.:.'.i 


H 


1"..' 


^w. 


.::,; 11. 


■' ■ 
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lil.il 


SK. 
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4'l.n 


SE. 


;.' 17 n . 


:-,i ■■ 


,. 1 


SW. 


IIU 


w. 


,- : SW. 


ill ■ 


SK. 


13.0 iv. 


13.7 


w. 






11 










.'ill.O 


s 


VI u 


+. 


97 7 " 


4,1,1 


SE. 


(■■j 


SW. 


1 '.''. 1 w. 


. 


w. 


13.1 " 


13.(1 


s« 
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IW3 


Ml'. 
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sw. 


;;.i BW, 


1 






s. 


.11... ,11 
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ft 


3.3 


SW. 


13.3 
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17 










GO 1 




.VII 


SW, 
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1 1,1 


s. 


U 3 


w. 


;.t,i ■■ 
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13.4 


S. 


11.11 
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:i3.fl 


MV 


W.S 


,* 


mt 


8, 


;;,. 1 




II 1 




I'.:; 




3l.il 


*' 


Mm 


H 


l'J.„ 


w 


II.I. 


sw. 






in 






llfi.S 


S. 


»JI 


,, 


rW„1 


i, 


:.,'. 




11 ; 


«'. 


4'i4 




33, h 


'* 


*u 


sw. 


11.; 


w. 


11.4 








■-■" 






.;- 1 


SW. 


fto.7 


S. 


All ,3 


N'. 


:.-. 7 


SW. 


411 


„ 


1..4 


SW. 


mi.- 


s. 


i'." 


(t. 


I3.ll 


" 


11,1 


S IV. 






31 






In.i 


" 


,".'i.n 


« 


an 


NE. 
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us,i ' Mr, 


KU •■ 


tiJ-l ' SB 


i;s 


If 


11.4 


■" 


i,7 


MV. 








l"A8 


K. 


is.n [ '■ 


ate a, 


J',l, ■ 


— ■ > . 


:'.',.:' >1\ . 


- .'■ li . 


1J,« ■ 


,i!l 


IV. 


7J 


K. 


0.7 


" 


is 






11.2 


l * 


■->-■'■ '• 


2!i,7, NW. 


34 .b '■ w. 


ai « 


za a 


KB. 


ii*XO Ml'. 


liU B. 


i.; 




7.4 


MV. 


li,.'. \. 


u 






1.1.1 


S. 


».fl SW. 


2',>.4 « 


21.1 si:. 


iSJ.U » 


.'.■..:! 


SB. 


a j '■ 


1'J.l SB. 


fl.7 


., 


7.H 


V, 


B.N « 








14.1 


nk. 


■J.Ui 




&a - 


Stf SB. 


_ i . ■ ■ 


N. 


;., '. N w . 


■J..,, « 


n.s « 


i.T 


K. 


7.4 


MV, 


117 ! S1V, 


ll". 






n.- 


*j ; 


-.Situ 


IV. 


ana \v. 


aa,i a 


aa* 


M'.. 


i. 1 .,! K. 


aoj « 


Uj« " 


!..» 


KW. 


7." 


B. 


■-.' \ K. 


17 






l.'..'i 


NX. 


smi 


KW, 


».i ■* 


-■■• M'.. 


SUB 


MV. 


S4d4 


S\V. 


: IJS -w. 


11.4 » 


••.'■' 


F-. 


n.fi 




i.,,; ■■ 


10 






W.J 


SE. 


•--1.4 





»,1 SW. 


■J 1 .'..-. ■■ 


ua.fl 


HK. 


'^.'..4 


.. 


19.0 s. 


I'l.'.t I.. 


T.t 


w. 


e h 


,H 


1UI | N. 


10 






K;i 




2V..1 


K 


wj) - 


■'^i i n 


iGMl 


E 


39 4 


w. 


ls.7 i - 


i".:; 8B. 


T.l 


BW, 


I,' 


a 


,',.■: wv 


Hi) 






ai.ii 


Ml. 


3M 


'* 


■•■i.ii ■■ 


smi ( a 


34.1 




.■.'. .". 


N- 


1 K» g, 


U.'J 1 " 


-.1 


» 


i;-> 


NW. 




2) 






£1.8 


" 


au.s 


i. 


ai.ii ; ne. 


-■'- / ■■ 


JI.--> 


SB. 


- '.', 


w; 


'-.., J(B. 


II.. - , M{. 


r» 


u 


n i> 






22 






33.9 


aw, 


20,11 


SW. 


2v> K, 


IfW I BW. 


L'j:i 


KK. 


J.',.,. 


m:. 


nu " 


BJi SB. 


n« 


N. 


a i 




7.1 KW. 


23 






■SIM 


s. 


; M.ii 


nw. 


!»,» N. 


Lil.:i | " 


3U 


MS. 


Bft.J 


S». 


j\i \ 


8,0 » 


II.N 


\K 






24 






■24.1 


S1V. 


aui 


N. 


2H,H » 


31.1 S. 


.:!.. i:. 


--■,.; 


B. 


1SJ m. 


RO " 


nu 




fi.4 






26 






24.11 


8, 


mi.l 


B. 


2*.« 




if),!l " 


34,M S. 


a&j 


Sli, 


I,.J .. 


7,n 


,\ K, 


an 


SIT. 


MV. 

t 


7.1 
7.-' 


., 


'iii 






j.">. i 




IKS 


SB. 


»4.S 




2M 1 SE, 


■J4,lt 




:-■■: 


:-U'. 


I-'." N IV. 


7 ■' 




7,, j 




f,.« 
111 
9J 


8, 


-'.' 






iv.ii 


SW, 


km 


1 


3K.1I 


xiv. 


2M | ■' 


24,1 


" 






it.!- n. 


,:i. 


•V. 






2i 






3il.u 


KW. 


:•.".:: 


-. 


:-,., 




I9J.U R. 


i4.1 


u 


2*41 


5W. 


1T.S SB. 


(17 




7J 








3U 










:w,:i b. 


KM BE, 


ajj - 


ii.: 


PW, 


;..,:. 


^^V. 


IT.T SB. 


r<:. 


\K. 


M 


>1V. 


B 


-., 


BK 


;w ii.t 
ai iii,o 

1 


N\ 

E. 






'MM S. 

■;■■■■; SE. 


2N.4 l B. 

1 


•a.t be, 

1 


-| 


w. 


... 


n 


IT.;, K. 

°r 


ii,. r . 


B. 


7.4 

7.3 


B. 


li.l 


MV. 


7.S 


BW. 



Records for 1851 — Continued. 

Carrollton. — Olisciver, PniiriisnoR L'. G. Foushky. 



I,;,;- 


Jmiiiitry. 


1'iihnuiry. 


Mirth, 


April, 


Slay. 


.TllD'.i. ,lllt_V. 


Angntti 


S„|,t,'rn!.i.r. 


ii i„lu r 


S'orpnilipr. 


|i, ,-. nil...,-. 


IBS J, 

1 


(,',„ 


WH& 


Wgt 


' irc»ft. 


t."iti 


iivii.y 


.,',-. i:.,..t 


'■ 


ll,,„f. 


'■ ''■ 


ICi.irf, ffm 


ll'.n.f 


'."w 


ll'.',,./. 


i,-r,r Wiml. 


., m 


11',,,./. 


tr« 


mud. 


'»".'/'' 


mad. 


7." 






1 K. Iin.4 


s. 


i-.. n. 


ll.:i 


SB. 


1 ll.ll 


svi. (as 


E. 1" 4 


VI. 


;.t r#1m. 


I.I 


W. 


1,7 


s. 


II.S 


s. 


* 






gK 


i.:.i 


** 


17,.:: SB. 


ll.:i 


K. 


1! ii 


IV) III 12.3 


I2,.i 


n 


;." " 


1..-I 


E. 


M 


ME. 


n p 


.. 




7.5 




4.H 


MV. 


ia.ii 


" 


I-',- B. 


11.2 


SK, 


II 1 


SW, 12.2 


SK. 13'i 


S. 


'1.7 


S\ 


l.r. 


SK. 


1..7 


N. 


ii„-i 


NB. 


4 


Wl 




4.11 




tii.7 1 B8K. 


i ,..' 


S. 


II.I 


BW. 


II.I 


12.2 SK. 12.'. 


a 


its 


SE. 


I... 


vv. 


l.:i 


SK. 


ii. 'i 




.1 


tiil 




iLN 


SR, 


1 :',.:> SB, 


!.,.:: 


■* 


liSJ* 


Ml. 


II.I 


SB. I"2 (nllii, 13.4 


Onto, 




SK. 


I • 


li. 


l " 


w. 


Hit 


K. 


ii 


IU 




a." 


■' 


11.2 - ft. 


1...2 


N. 


I'.t 


SE. 


11.11 


SVV. I2,:i SVV. .12.2 




0.1 




1.7 


SK. 


l,il 


H. 


114 


SE. 


i 


9.0 




:., 




14.1 


.V 


I...L' 


s. 


l-:.l 


- 


11.1 MV. I«a " 12.1 MV. 


■ r >.7 


.' 


1 H 


E. 


In 


SK. 


in. 




■i 


V-I 




ii,, 


aw. 


11.1 


,\K, 


l.-.L' 


S, 


|::.2 


■■ 


II..' " l2.i(, ralm. 12." si:. 


■V7 


MV. 


l.« 




ll> 




11,11 


,i 


!l 


>)~» 




4.3 


g. 


14.2 


i'-,Iiii. 


IIM E. 


l.'i.ii 


■' 


11.2 N'B 13.1 1 S1V. 11.1 17. 


.7.1 


K. 


17 


SB, 


II', 


SV1 . 


u.ll 


,. 


III 


■a., 




4.H 


«,t,x. 


14J1 


SB, 


i-.l gK. 


1:'.- 


." 


ll a r-ilm. 13.71 ' IV. 1 ll.ii culm, 


.... 




17 


K. 


<l„ 


s. 


li 7 


s, 


II 


■'.:; 




4.1 


S. 14.11 


NW. 


IS.0 E, 


12... 


it 


II.:: S. 12.7. \. IU i ■' 


.",.1 


■■ 


i; 


„ 


1 1 


SK. 


ill 


K, 


13 


U.ll 




-1.., 


SB. I4.:i 


KB. 


1.7.1 S, 


,., ., 


11,. 1 ,Imi. 12.1 " H..U " 


4,11 « 


1.7 


IV, 


I'l 


s. 


llll 






K.Y 




6.1 


(4B. Itl.S 


■* 


l-.il 11'. 


IMS " 


il" ■ 17" S1V. 1.1.7. |S. 


1.7 - 


1 :i 


s. 


1 1) 


.1 


HI H 


SK. 


14 


H„'| 




■V-J MV. |I4.T 


" 


II." V 


il.s ■■ 


11.7 " 12,:. \. 10.1 MV. 


4.4 1 SE, 


1 •' 


,. 


■'1 


NW. 


1,11 


Mi. 


H 

17 
It 

10 

3(> 


-.11 




M 


s. ii.; 


" 


IJ,> » 


lljl MV. 


ll.:, \. 12.:. ■■ -ii ■- 


4.2 1, 


1,2 


,. 


1.7 


S, 


IIS 


N. 


M 




n.ll 


14.8 


s«'. 


14- N IV. 


II-: 9. 


ll.i M. 12... SB, "-. \. 


l.:i 


*. 


1:1 


.♦ 


1,7 


NE, 


llll 


SB 


/■* 




liJ! 


M:. I«J 


MV. 


1 IS \ 


11.2 SB, 




liS lultn. '.'.1 t'ulri). 


4,2 


,+ 


u 


Sli. 


12 


B. 


II.S 


S. 


tfjO 

ft.N 
.'..4 




1,1) 


K, 


i . ,i 


\ 


14.7 8W. 


III | . 


112. 


B. I24S " R.7 ^V1. 


;iu 


.* 


1.7 


S1V. 


1,4 


SE. 


II, A 






U.ll 

ll.,, 
11, .1 

11.7 


SK, 


it. - 


" 


14.; I .wv. 


1,,. ■■ 


I! 7 


13.1 NW. *,'. 


M: 


: , 


„ 


1,7 


Sli. 


1,2 


,. 


11.4 


MV, 




SK, 


li." SB 


I". 7 " 


1 1,» 


SK. 12.:. SK M 


-l„ 


■14 


„ 


1.7 


s. 


1..1 


MV, 


11.2 


VI. 






S. 


ISJ 




14,7 


NB. 


1" ■ S\l 


11," 


1'i.lin. )■-■.,', Culm. M 


K. 


■ 


N 


I.I 


N. 


0,K 


N. 


tl.fi 


SVV. 


3a 

24 

-j.-. 

31 
37 

3S 

ai 


t;: 






14.7 


SK. 


H..4 1 - 


13,11 


12,,, B 






.i" 


„ 


1.4 


SE. 


IU 


SK. 


11.7 


MV. 




Mf. 


l.-.l 
l.Vli 
l.'i.li 


N. 


14.7 
ll.tl 


K. 
NB, 


In - 
l,u, 


SB. 


12.2 
12... 


\. 1 7.7 
WE. 12,7 


-1 . 
K7 


«.ii 

N,7 


S 
SVV. 


2.1 
'.'4 


CMm. 


U 

14 


SVV. 


11.4 

H.3 


K, 
NE. 


ll.ll 
11.7 


s. 

' 'Ii.i 


t» 




12.4 


s. 


SB. 


14.7 
14.<i 


N. 
NK. 


'.,,1.1 
"■i 


|i 


12.1 
12 1 


12.11 
tlnllo 1-'.- 


SB 


M » 

V2 W 


3.8 
1 H 


\. 


1.3 
1,11 


VV. 


1'.2 

,.■■ 


S. 
SK. 


ii.ii 
l.ll 


SK, 
lilllll. 


i i 
I:. 1 


ff. 


12.7 
13.1 


MV. 


l.'i.l 
IB.4 


n. 


It." 

1 4.:, 

14.4 


IV 

CXni. 
BW. 


'.i.li 
". " 
I ll.il 


s. 

SK. 

K 


12.11 
121 

1"" 


mi. 12.; 

S. 12.7 
S1V, 12.11 


C dm 
iv 


8.11 SVV. 
7.U SK. 


l.ft 
1.1 

i | 


NE. 
E. 

N. 


1.3 
1,11 
1,U 


E. 

SE. 

S. 


II.H 
1 II 


NB, 

E. 


1.2 
U 
1 7 


S. 


ill 


mi 

to 


MSB. 
SB. 






l.'i.l 


SB 

i. 


14.71 


SB. 


l".l 

ii>.: 


Culm. 


122J 


I'ltllll. 12.4 

I" 


MV. 


77 

;.'• 


.1 


1 1 


SK. 


1 " 
I.D 


N. 

SE. 


U.8 


N. 


3,0 


SI 
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Records for 1851 — Continued. 



Fort St. Philip. 



Data, 


JuilUiiry. 


l-'-l.fii.ir . 


March. 


April. 


M i> . 


■tana, 


July. 


Vll'.'IL^t. 


Soptember. 


OullitnT. 


V" 1,. r. 


llcccinli*r. 


ISS1. 


fTqt. 


Wind, a';, IlVnJ 


(fgt 


ir/nrf. 


'.'(.■ IIV„J, 


'Y> IIV,i,/. 


tr* 


ik,w. 


fftfr 


Wind. 


(,■„, 


HViii/. 


«*jp. 


ir.n,7. 


'•"w 


Wind, 


(?V 


mud. 


(TV 


ll'im/. 


1 






J 3 i:. 


7.1 


Ml. 


i. 1 \ IV. 


i .. 


X, 


1:.'. 


8. 


7.", 


\ 11. 


u 


:-\l . 


&J5 


an 


3 4 


NK. 


;u 


s. 






■j 






(.« SW. 


..1 


sw, 


7.!' 


Mi. 


J,» 


K. 


7.2 


SK. 


7..1 


SB 


7.3 


.. 




-\K. 


3,S 


PI 


3 8 


\ K. 






8 






4-'i SB. 


7.1 


\B. 


S.l 


K. 


HO 


SB. 


m 


S. 


7 1 


i* 


7 ■' 


w. 


."i.4 




;is 


If 


n a 


K. 






4 






1.0 


XW, 


J J 


ft 


B.I 


SB, 


H.i) 


SW, 


-..-: 


SK. 


7.3 


IS 


T.a 


siv. 


B.fl 


A 


3.1 


\, 


3, r . 


K. 






» 






k.n 


SK. 


7.1 


K. 


8.2 S. 


1,7 


s. 




sw. 


7.3 


" 


7.1 


H 


5.11 


B. 


A.» 


B. 


3.7 


K. 






o 






:;; 


w. 


:> 


a. 


-.1 M'.. 


7.7 


SB. 


n..i 


w. 


7."i 


9W. 


;•; sk. 


:•:• si;. 


1.3 SK. 


3,,-. 








1 






:'.- 


K. 


T.i. 


wsw 


s S S. 


4.1 


K. 


0.8 


■' 


7.2 


At 


TJ1 


Eh 


6.4 N B. 


4.S K. 


3:,7 


SB. 






K 






4.4) 


SK. 


71 


SB. 


s,n .X. 


7.,1 


* 


«,8 


" 


71 


SB, 


7.1 


" 


.'..:-. S, 


4J 


.' 


3.3 















4 4 


9 


7.1. 


■* 


ija k. 


TJ 


* f 


li,"i 


sw. 


7.2 




TJt 


a. 


:.A UK. 


+.T 


SK. 


3 7 


KSB. 






11) 






J, -1 


raw. 


7.0 


■■ 


7- SB. 


7.4 


BE, 


7.0 


SK. 


7.3 


xw. 


7.M 


j * 


."..7 S. 


4.7 


R, 


3 


« 






11 






W 


\. 


7.0 


K. 


8.0 E. 






IU) 


S. 


7.4 


X. 


TJi 


" 


si;. 


17 


** 


3.1 


14 






]3 






4:! 


SK. 


7.S 


u 


7'i SB. 






7.ii 




7.0 


•* 


7.11 


.\. 


s.a K. 


4,7 


vr. 


44 


14 






13 






t ft 


SB. 


J 3 


SB. 


7.s sw. 






7.3 


S2B. 


7.4 


Ml. 


O.ll 


Mi. 


fl.a 


SB. 


3.7 


-V. 


1.3 


.s. 






H 






41 


8. 


7." 




T.a « 


7.11 


H. 


7.11 


SK. 


".:. I UK. 


O.N 


IN. 


,-,11 


li. 


3.11 


I*. 


13 


». 






lii 






u 


s\v. 


JJJ 


a. 


M N. 


7.1 " 


7.1 


SK. 


7.1, 


44 


0.* 


'. 


:,.:■. 


L + 


a.s ■ 


3.1 








It 






W s 


7.s 


BW. 


IJ sw. 


7.1 SB. 


7.1 


., 


7.4 


EE 


0.0 . B. 


n.ii 


« 


3.4 " 


',;.:. 


" 






n 






1. 1 \ k. 


7.7 


sw. 


TJJ S. 


7. -2 


" 


I.:'. 


E. 


7.4 


M 


o.r. SB. 


&J 


« 


:'..- Ml. 


U.3 


Ml. 






is 






IJ9 - 


7.7 


" 


8.0 


aw, 


7, -J 


44. 


: a 


'■ 


73 


H 


,,.- sw. 


ii,. 1 * 


" 


:\» i sw. 


SU 


-- 






ii 






SK. 


7.7 


STB. 


7.'J 


i - 


7. 'J 


5. 


7,1 


SB. 


1A 


XW. 


O.'J 


SK. 


r..i 


t» 


:..'- SK. 


a.y 


V,. 






9) 






,V> 


a 


;." 


B. 


J.d 


ss. 


7JI 


K. 


7.:. 




1.1 \. 


n:i 


- K. 


5,1 ■ 


3.7 S. 


4.0 


aw. 






•ii 






«.i 


N 


8,1 


SB. 


7.11 


XR. 


us 


EXE. 


7.:! 


SB. 


-.1 UK. 


n st 




s,:( " 


li.'.i S. 


3,4 


s 






a 






i.:. 


SB. 


S.I 


BW 


VI 


H 


ii, 1 : 


KB. 


7.3 


»"* 


-,:1 


N 


n i 


NK. 


S,B 




3,H 


SE. 


3.1 


8. 


•!8 


s. 


23 






li.Fi 


SSE. 


.•,..1.1 


MK. 


»/) 


" 


8.J 


JL 


7.:i 


■' 


r.it 


H 


on 


V. 


K.ll 


SW, 


3.8 


'* 


3,'.l 


s. 


l!.ii 


Ml 


at 






.;... 


' Ljjri . 


7.v 


Sf. 


TJ) 


" 


.:... 


-VW. 


7.3 


M 


7.'i 


ft 


S3 


S1V, 


i,a 


\K. 


3.7 


MV, 


•J.7 


MB. 


«,rt 


■4 


» 






0.7 


V & 


13 


K 


\" 


" 


n..-. 




;;• 


" 


7.11 


" 


0.5 ( " 


4.7 


t* 


3,0 


W. 


'Z.ll 


MV. 


'2,7 


SW, 


■.ii 






.;.'- 


as, 


13 


SB. 


7.B S. 


.;.:, ■■ 


7.2 


s. 


'A 





»1 1 '■ 


4..1 


SK, 


3.4 


\. 


U.ii 


E. 


■J .8 


,4 


27 






as 


s. 


73 


- 


7.7 SW. 


.;.., IV. 


7.3 


M 


7.11 


IE 


0,4 


.VW. 


as \, 


3,4 


E. 


an 


SB. 


.'III 


s. 


as 






7.1 


SJfW. 


\" 


" 


7..', " 


U s. 


7.4 


,. 


7.1! 


te 


0.3 


a 


.■;." B. 


;.:: 


SB. 


3,1 


SB. 


S3 


HH'. 


a> 










M 


K. 


7.7 S. 


o.8 aw. 


T.,'. 


" 


7.0 


w. 


«.3 SK. 


is < • 


At 


S. 


Sjl 


si:. 


311 


B. 


:ji 










sat 




7.8 BE. 


11,11 s. 


7.,'. 


w 


7.4 


M 


13 ■■ 


3.3 \K. 


a i v. 


3.1 


XE, 


,1,0 




;.] 










i.n 


SK. 


\ 


>.:• SB. 






7.a 


SW. 


5.§ " 


1 


3.0 1 SB. 






3.(1 


X. 



Records for 1852. 

Memphis.— From records of Navy Yarh. 



Dute. 

1 • ,.• 


January. IVlimary 


March. 


April. 


N.iv, 


Jnnf. 


July. 


Kngltrt. 


>..;,|,,riil,f|-. 


OeiVilMir. 


S'uvi'llLb-T. 


[kCCIIlllDT. 


; 
>?nt Wimi. <.•■!■ Wind. <r.n Wi&d. 


>;-,,. Wind. 


G'oe 


KM 


»,',„ 


Wind 


i.'„. 


IIYii.f. 


• :.,. ii-,,,; 


'■-<!■■ 


IV„,./ 
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Rmwds for 1852 — Continued. 

New Carthage.— Ods ervev, Mo, A. R. Adkiss. 
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Record X for 1 8 5'J — Com ti imed . 

Rod-river landing. — Observer, Mr. Mh;l t el Tomm.h. 
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Records for 1852 — Continued. 



Baton Rouge. — Observer, Mb. J. W. Buowk, 
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DonaldsoilVtllQ.— Oliaarver, Mt. A. Ginqhv. 
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..■./. Mud 


',",;, Wind. 


i.> Wind. 


CP« n-ind. 


(, ■■/.■ ll'i'ui/, 


<r<tt. 


Wind. 


l9>« M ..j-J. 


1 


1.1 


NW 




N1 


22 ■! SW. 


*V. 


NE. 


27 .il S, 


2S.il N B, 


2'..s s. 


El.ll S, 


7 I SB. 


7.0 >K. 


lU 


Ml', 


14.1 


E. 


2 


:.:: 


" 


:,i 


Ml 


22.1 S. 


211.,'. K. 


t,a - 


27,0 B. 


i«.7 » 


l:i..'i K. 


7,"2 1 » 


TJI 


" 


11,4 


w. 


14.2 


.. 


;i 


7.1 


N 


M 


N). 


22.il 


J 8 -. 


27.7 sw. 


2S.il " 


2.-.. 4 SW. 


12.7 S1V. 


7.H 


,* 


7,:i 


K. 


11.11 


E. 


14.4 


w. 


t 


1 U 


BW. 


e.8 


>1S. 


.•.' ! hk, 


- i 


•■ 


-T'l S. 


27,1) 


w, 


2'.,2 " 


12.1 W. 


7,2 


K. 


7.2 


» 


11.4 


S. 


1421 


" 


& 


7.1 


SW. 


41.U 


'i 


22.S 


p. 


-i,; 


W. 


27... B. 


2vn 


Nil. 


2l.'.l " 


H.il SW. 


T.2 


B. 


7,1 


KW. 


I'.X 


t. 


14.4 


SW. 


6 


il> 


* 


+ " 


'i 


iswi 


8W 


aiA 


s. 


27-'. ■■ 


--.1 1 


24.X ■' 


1 1 ... N K. 


1^1 


" 


721 


,| 


l!.» 


SW. 


14.11 


SE. 


7 


I1.X 


NK. 


7„i 


NK 




SE. 


2....1 


NK. 


27.-'. " 


:•- 1 


.. 


21. ii ft. 


in.", BW. 


7.2 


w 


7,4 


B. 


(1.4 


s. 


l;,.ii 


Ml. 


8 


J.« 


W. 


... 


N. 


21 '. 


>. 


.'., --. 


xw. 


2T^ ; ■• 


2s. 1 


w. 


24.1 SW. 


KM NW. 


r.i nw, 


7.:. " 


0,8 


ft 


1A.2 


E. 





J.I 


SW. 


7. a 


SB, 


. ; 


MV 


2rt,2 


K, 


27.fi 1 S. 


rtt 8 


B, 


2i.s N. 


9,(1 1 BW. 


7.2 


N. 


7.11 W, 


M 


N. 


1A.4 


*' 


III 


».ll 


NW 


U 


S1V 


24.1 


SB, 


j„ ., 


SE. 


-r a .-w. 


■.,.. 


SB. 


221.7. " 


Illl 


■' 


;.,. 


N E. 


7.0 1 K. 


11,7 


SB, 


lu.li 


S. 


11 


(1,1 


•" 


US 


NW. 


24 il 




un 2 


- 


'■:• s. 


2X.2 




22.11 


i. 


K,7 


" 


;.;, 


SW, 


T.4 | W, 


7.:i 


E, 


1 , s 


K. 


12 


II. 1 


NK 


Ml 


NE 


24.(1 


« 


an i 


w 


ao ■• 


2N„'I 


.1 


22 -i 




x.N 


s. 


7,1 


N. 


0.0 B. 


JJ8 


NW, 


i:,.'t 


s. 


13 


IJ.i 


NW 


bjs 


Bfl 


J4.1 


*i 


■ ' 


E. 


27 :• 


ii 


1M..1 


u 


1 '.ii 


B. 


S.7 


NK. 


7.3 


SB. 


U.S w. 


N.'.l 


S. 


IH.1 


N. 


14 


13,3 


S. 


m.7 


NE, 


2l> 


s. 


*J,4 


S. 


27 .r. 


SW. 


2>.il 


■i 


21.(1 J ■' 


0.9 


•i 


, I 


E. 


0.8 N. 


0,(1 


*t 


I0,i 


S. 


\h 


No 


n 


U.'l 


SW. 


24.T 


w. 


2>l.» 


N, 


n& s. 


9M 


E. 


21.2 


■ 


H.i B. 


r,'i 


*» 


T.O 


B. 


in.:: 


B. 


17.3 


+t 


M 


\*J> 




12.0 


- 


J4.1 


SW, 


M - 


SW. 


27 .;> 


SW. 


L-s.2 


', 


StJ 


NK 


«2I SW. 


7.4 


„ 


7.2 


Cultu. 


11.1 


.1 


114 


., 


IT 


N> 




KW 


" 


1 1 


SW. 


-.•i,'. 


NW. 


.7 


W. 


>l 


.' 


Jii.l 


X. 


92! N. 


7.0 


It 


7,3 


S. 


11,1 


X. 


ixi 


E, 


IX 


i:,.. 


NH 


n.i, 


S. 


-■1 


s, 


-T.'i 


- 


27... 


NW. 


2K,1 


B. 


iii,r> 


NW. 


8.1 B. 


M 


■■ 


7." 


E. 


11.1 




11)21 


SB. 


in 


147 


N. 


1 :..,'. 


E 




" 


21,1 


SW. 


27.5 


" 


27.11 


BW. 


iii.ii 


E, 


1.2 •' 


K.2 


8. 


7,1 


tt 


12.11 


E. 


11' 7 


S. 




14.7 


SI 


I".2 


Al 




E. 


nr.i nw. 


SJ 


SB, 


27.S 


Ml. 


IMI 


S. 


s.2 " 


M 


SB. 


7.8 


.. 


)2,:i 


KB. 


10.0 


•11. 


21 


It : NU 


i;.; 


H. 


2*.k 


H ' 


2T,H 


" 


27... 


B. 


K7.1 


W. 


I7.'i 


E. 


«2I 1 " 


i.ii 


NW. 


7.ii 


14. 


12.7 


K. 


2.1,1 


s. 


tl 


I 1 NL. 


l«.ii 


E 


2.-V. S. 


27,1 


SW. 


27.'! 


S. 


27.0 


sw. 


17." 


# 


7,0 * 


7-lt 


,1 


TJI 


,1 


1S.S 


XW, 


2.1.1 


a 


as 


U1 1 ■ 


ion 


S, 


ai w 


27,2 


Si 


27 .ii 


B. 


ttT.4 


1* 


lii.'i 


R. 


7.S " 


7,8 


SE. 


8.1 


tl 


il," 


B. 


aw 


s. 


24 


it* 


B 


i ■ , 


-- 


. 


2T,il 


1* 


27... 




2721 





1(1.1 


XE. 


JJ ■■ 


7,4 


1. 


0„i 


11 


14,8 


S. 


21.2 


tt 


•*.s 


12 2 


X. 


2u 




j.,,, - 


2T.ii 


" 


•r, ..i 


ft 


W.2 


,fc 


l„- 


SW. 


s.2 NW. 


il.ii 


S, 


0.4 


.. 


I.V4 


NW. 


2u.l 


■ - 


m 


II 1 




■■'• 


NK 


26.1 JW, 


a i 


SW. 




" 


211,0 


w. 


1 5.1 1 


'i 


N.ll ■' 


n.i 


MV. 


t;4 


SK. 


l.'i.d 


N. 


211.3 


E. 


■T 


!"■> 


W. 


•1 u 


s. 


:■■ -' ! 




N. 


27,7 


s. 


2.I.1 


'1 


IS.3 


SB. 


;.2 ■■ 


i'.,7 


X. 


mi 




l.i.il 


SW. 


211.1 


S. 





10 1 


s. 


■'l : 


M 


! ■ 


■27.'. 


v.. 


27.1 


SW, 


ma 


" 


I....- 


K. 


'.;> v.. 


o; 


E, 


7,2 


B. 


14,7 


E, 


'211,2 


S. 


211 


'I 2 




■'IT 


SB. 


M t - 


B.4 


SE. 


27.11 


E. 


2l!.il 


s. 


I1.li 


SB, 


7.2 sK. 


(1.0 


ii 


11,0 


W. 


14.1 


i. 


211,4 


E. 


mi 


|)/| 


. 






3 1 ■ 


- 


B, 


au 


X 


'2U.2 


sw. 


I4.S 


IV, 


".'I E. 


ii,7 


ii 


H.4 


N W. 


II-' 


'■ 


2ii.ii 


Ii" 


si 


*.'J 


SW, 






-jr.* X. 






2-." 








14.4 


N. 


7.ii ti 






11.4 


\. 






21.1) 


„ 
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REPORT 3 THE MISSISSIPPI 11 1 V K It 



Record* for 1852 — Continued. 

Carrollton.— Observer, Processor C. G. Fobshey. 



Date, 


January. 


Fulminry. Murrti. April. 


M*j. J urn'. July. 


AnBli't- 


B*pteml>Br, 


llctiilxir. 


SoTi'llltll'T. 


DMemtMr. 


18*2. 


<;■,/. 


Html. 


r. -.,,• 


I 1 

iivifrf. <;t)t uvorf. (/•.,. iivinf. 


t7j« H Yuri. i;> ir.n.f. /.-.<. H':„.l. 


/."./. ll'iri'l. 


<,-■,. ii,,„i. 


I,",,, 1 1 V ,r 1 1 1 . 
■J.T 8. 


■2.1 H . 


il.;. 
fi.tl 


ll'.B... 


j 


i," 


H. 


I ; 


\H. In." 3. 1241 E. 


111.4 s. 


1:17 Ml. 12-S IV. 


.i..i 


K. 


2.il 1 


•2 


1,4 




(l.'.l 


\, l«,ll " I2.K ! " 


UU « 


132) " 12. 1 •■ 


W 


«. 


2.S i:*tiu. 


118 


KK. 


2.11 




IV. 


n 


J.I 




i'.7 I'nltii. Iii.ii I'iiltii. I.i.n S. 


111.6 " 


lli.6 | N, [12.2 Ciilm. 


■1,7 


* 


■:t !■:. 


2 .. 






8,3 

11.2 
(.A 
OJi 

r,,s 
(i.ii 
«.7 


i 


1.0 


s. 


o.(i s. ; i'i.2 1 e. i.i.i 


« 


; :,, \i 


r:.... W, 12.1 \\. 


J .1 


■ 


an " 








8. 


6 


1 ■> 


\\v. 


0.7 " 111 J 


I'.ilni. i 1.2 


w. 


1 : r M . 


111.,-, >'. llJy Culm. 




NW, 


2 ■'■ " 


2.1 IV. 




6 


(18 


». 


1,1 


1'i.T 


.. 


1-'i 


N. 


111.7 , - 


I1U Ci.lm. 11.'.' W. 


:;... 




11,7 


2.7 




1!,ii ~ 


MV. 


7 


II H 


SB. 


11 


Aim. 10.6 


•4 


I-". 


Cnlui. 


111..', -■ 


i ..- 11.7 - 


iS | 


::.'■ " 


11,11 


SB. 




s 


ii.s 


svv. 


IS 


NW. !ll,2 


BE. 


I"s 


N. 




13.8 111 NK. 


8.1 1 


a." 1 NW, 




h ° 




tf. 


B 


1 :t 


1. 


17 


Calm. 11.4 


B. 12.7 


V. 


...... " 


111.8 IU K. 


2.K 


;." \ i:. 


3;i 


\w. 




lu 


I S 


MV. 


■■ 1 


SW. 


11 II 


ISM 


R 


l:l.4 W. 


1.;.^ '11.1 ■■ 


11.7 


:i.2 K. 


11,3 


SB. 


2.7 
li.7 *" 




11 


2.4 


KB. 


SMI 


s. 


11 7 


I';.:, i '..iliu 


Ili.4 B. 


(HA IWi Ig. 


2..'. 


«". 


3.(1 N. 


.1.1 




T.ii a 

7.1 
7JS. 


12 


■ ;.■■; 




2.1 


.4 


II fl 


12.. VI 


ISJ1 ■• 


w.u [ iu.a ■■ 


2,<l 




3.4 


'* 


is 




J.'i 


l,fl 


y. 


i',4 I SW. 


II N 


12..-. 


8, 


13,1 - 


l.l.i' K. <■'.:■ V. 


u 


.1.4 


B. 


a.« 


NE. 


ll.li 1 " 
4.1 i " 

B.lll 
n.2 W. 

M S. 
11.1 


1+ 


4.3 


su. 


*JS \ !■;. 


11.-' 


», 


I2.li 




lax - 


u.i ■■ lad | ■• 


-.!' K, 


-.• 




.-. ' N 
-■■■ N B. 

2.2 SB. 
2.11 SB. 


IB 

IB 

n 

is 


4.8 
6.11 

M 


C'lllfll. 


;i.6 
i.ii 

■!.■» 


X. 

Oil 111. 

B. 


1 1.11 

1J.11 

11 X 


K, 

Calm 
8, 

NB. 


1 £11 

12. '1 
111.) 

13.1 


N. 
\V. 

V. 


111.4 ■ ..Ji.. 

J..I & 

13.4 ». 
lil.ii I'tilm. 


14.1 ■• In." 
14." " ) IU 
13.8 1 "ill lll.l B.2 
ISiJ - '.'.2 




- a 
.... 

2,1 


w. 
B. 
s. 


u 


SB. 


Mi 
li..', 


BWi 
if 


Vi 


;.« 


NK, 


.,'. 


B. 1» 




1:1,2 B. 


13,4 1 R. 13.7 1 ' 


K> 


Hd 


" 


2.7 S. 


ii.S •' 
2,7 SB. 


M.i B. 


20 


6,u 


BE. 


n s 


>t. 12 1 


R. 


m.n sw. 


i:-..i Calm 133 V. M 


M 


H2 










31 


49 




7 1 


« 12.4 


(Mm, 


ISA 1 N. 


13.4 1, B. 111.8 Calm 7.7 


SK. 


2.2 


Ml'. 






:..r. e. 


I'l.l 




S3 


4.7 


SiE. 




SliV <-'.• 




132* IV. 


13 J llU » ,7-1 


KK, 


2.« 


IV. 


a.a s\v. 


2.11 N B. 


6.0 MV. 


lil.'l 


N. 


at 


in 


E. 


9 2 


w. 


12; 


w. 


133 » 


1H.3 Calm 13.1 S. ■:.!■ K. 


2.1 


.V, 


-.■'1 B. 


At) | B. 


C.ll S. 


1D.ll 


S. 


V* 


4.'2 


SB. 


1 1 




IM 


svv. 


13,3 .«. 


I3.il K. 1.1.2 " H.'i W. 


2.7 


K. 


2.11 - 


2> SIV. 


(1.4 ' S. 


111.11 




as 


.'i.li 


CUB. 


3,7 


SW, 


1-.'.. 


V. 


13.2 ■' 


13J B, l.'Ll! IV. IU - 


4.(1 


\. 


2.1! IV. 


J.N " 


ii.ii - 


lll.l) 




w 


,i: 


?f. 


Kf( 


Ml'. 


!■■ . 


s. 


13.'! ! Calm. 


13.11 11'. i'I.'I.I I'lilln '■■■: 


8,4 


-MV. 


-'. ■ \ . 


'2.7 8. 


0.9 N. 


I'M 




27 


S3 


Calm. 


B3 


8. 


1-ii 


M 


I3JJ V 


13.0 MV. Ili.l) ■' 


8.1 " 


3.7 


■' 


.'. 1 w. 


2.:i " 


(i.l! 




lli.l 


" 


28 


J. 1 - 




BN 


IV. 


1 ■,. 


* 


VAJ\ B. 


13.T 1 IV. 112.8 IV. 


:..:> S, 


8,4 


K. 


a.a SB, 


11.2 " 


(1,3 


E. 


lll.il 


N T + 


a 


'14 


WW, 


IIS 


NK. 


1"V 


SB. 


l:i,2 


SB. 


11U SB. TJ..S S. 


n.2 ■• 


li.ii 


SB. 




2.!i IV. 


...!i 




111..'! 


" 


;«> 


>i 


m. 






120 


H 


111.4 


S. 


11 1 i-.iIifi. 1X7 Calm, 


ii.l « 


..." 


u 


a.ii e. 


.'.. nw. 


...li 




1"., 


M 


:ji 


1.8 


cii] in. 






vi.:, 


57. 






!.:.•■ Ml. 


Si! " 


" 


K. 




2.2 M.. 






11,2 


s\\\ 



Records for 1 S-~>3. 



New Carthage.— Otisrrvpr, Mn. A. R. AnKisn. 



Duti- 






iv.::. 

1 

ja 
9 
4 
i 

II 

7 

B 

111 
11 

12 
13 

14 

15 
18 
17 
Is 
111 

21 

22 

33 

24 
28 
38 

'27 

2^ 
29 
311 
31 



January. 



(Tj* ll'i'iiif 



II 
32.7 ' 
38.11 
114.7 

as J 

■;.,> 

Hi..:! 

:n,i 

■ 

.17... 



SK. 

f»l i ii, 

NW. 

I'nllii 



N\H 

N. 



4II.H 
41.il 
41.1) 

II I I'nllii 

III SB. 
Il.li 



Pfliruary. 



M.'i 
li'.il 
4i'.l 
10.3 



iMiii 



(Tot 

; iii.il 

38.8 
37.4 

:;i,.ii 
XSJI 
:n;.'i 
32.H 
31.3 
111 l.i i 
2l".l 
JgJJ 

as.7 

•2S.4 
2X1 

39(3 

112.11 
33.7 
MJt 

8.1.7 

3ll.il 
87.1 
87.8 
3N.(! 

311,11 
ll'l.ll 

:■','> 

311.1 1 

411.1 



llVml, 

I'ullu 



I 'aim 



SB. 

Culm, 
NW. 

('■Ini. 

Ml. 

IMIln 

W 

NE. 

K. 

Calm. 



MV. 



March. 


Airril. 


r,",/, iiv.ii/. 


o 


Kfnd 


in... 


) ,ilm 






411,4 


., 






111.4 


.. 






lii.l 


« 






H'.4 N IV. 






(I'.-'l 1 :.ll!l. 






4H.2 ■' 






4 n.2 SB. 






4(1,11 N. 






|n.3 Culm 






1«,4 " 






lii.r. '• 






411.3 N. 






i".; ■■ 






411.7 ("aim. 






4ii.7 






10,8 


„ 






I'M' 


Ml. 






I,,.. 


Calm. 






Hi.1l 


»* 






41.2 


■+ 






41..', 


tt* 






41..'i 


1 Villi 






41.4 


■' 






41.2 


H 






4)1,11 


fi\V, 






1" 1 


Qktfm, 






4)1.11 


■■ 






:so.O 


« 






181.11 


■, 






3K.4 


H 










',-,,- HVili/. 



June. July. Aut-usl. i BeptfUMr. 



(Tgr H'ih.Z. f.")/' ""'"'I. (?!»' 



It', mi. 



iy> llVii./, 



Hctuber. 


V,i,ml, 1 


i, „, 


HVm,, 


,:,,, 


Wind. 



Dwi-miiL'T. 



^V WKlKt 
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Records for 1853 — Continued. 

Baton Rouge.— Observer, Mb, J. W. Bkows. 



DntP. 

18.'i3, 
1 


.himuiry. 


Ft'liraary, 


M..r li. 


April. 


May. 


.In lie. 


July, August. 


Rejttetnbcr. 


Oiltiilipr, 


SilY.-BllllT. 


Pi'ti'inbcr. 


:t..'. MV. 


■J VI 


IIW. 
UK. 


<?0* 


Witul. 


0g» 


Wind. 


f-V 


trim*. 


<;>■ 


ll'inl/. 


Cfgt 


ll'i'in/. ffgt 


mm. 


O'st 


mnd. 


Fflt 


Wind, 


G* fl e 


IFJntf, 


G> 


117,.-'. 


■ i 


J.Wi sw. 


■J-. - 


" 










































a 


3M svv 


-27.0 


*- 










































^ 


>.l •• 


37.7 


sw. 










































a 


Baa " 


2J.S 


UVf. 










































'. 


■_.,, i - 


37. ■> ■' 










































: 


L<i„.i SK. 


j',.:, - 










































6 


J -".7 " 


■<,,:, ■■ 










































!i _-:.i> " 


iB.3 " 








































in 37.3 " 


aw ■■ 








































n 


•: -; •■ 


a&s bw, 








































la 


■3 : NW, 


._,.,, .. 










































HI 


37 ,7, '■ 


22.U SW, 










































14 


27.t NE. 


i 










































15 


t2T.7 


-11. 








































HI 


:mi mv. 


SEtl SW. 








































17 


JS.l 


I. 


21." SK. , 








































1S 


2*1 


<1 


31.!' K. 










































It" 


ais 


H 


■£,.r, NW. 










































■;> 


js.a '■ 


snu ■■ 










































21 


8ft ; > i:. 


2H.4 ?K. 










































n 


243 NW. 


27.11 NW, 










































■.tt 


_:-. - 


aj.i 


w 










































u 


2% A " 


27.2 


ic 










































■-• 


28.4 1 8B, 


37.1 


s\v. 










































as 


sua s«. 


SKJI 


BR. 








































m 


3*7 " 


:- ■> 


BW. 










































as 


2JU N B. 
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Records for 1853 — Continued. 

DonaldsonvillQ.— Observer, Mn. A. GistiitY. 
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Records for 1857. 
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d.o 




25 


lllJt 




IM1 




2K 


III 1 




u.<> 




at 


U.K 








so 


1&.4 








ai 


14.1 









Sliirfli. 


April. 


Mny. 


lIiiu.. 


'■"fiw 


ir,w. 


ifgr. 


I1'HJ<( 


1U.1 


U'uii/. 


C* 


Wtnd, 


I'M 




ai.11 






.-.-: v 




m.T 




».a 




.ii'.l 




sas 




n -- 




27 ,"2 




;-.-; 




312] 




iit-j 




24.7 




-i...-| 




:n ;. 




lft.7 




" 




J.V11 




::iv 




IB 51 




am 




:■■;... 




;i:..;i 




lfifi 




is.i 




'JIIji 




:w,.i: 




I.-..3 




li'..i: 
]->.4 




Sffl.l 
24.4 




1111.2 

:w..i, 




1ft » 




I..." 




24.7 




:i;.n 




IT." 




IAjO 




2i.;i 




37.4 




r, 11 




l.v 




--.11 




»JJ 




i:,ri 




IS.J 




1».T 




WJl 




].. 1 




lli.ii 




■J.-., 




;is.» 




in. 4 




S&3 




30.2 




a<.4 




1.11. 




.1 1 




."Bl.4 




JW.'i 




1 11.4 




l'.',;: 




;ni.4 




:<sj 




17 1 




j;.n 




■.1.:. 




411.1 




I-.2 




'JN.II 




.- . 




4ii.2 




111.7 




2H.S 




ao,i 




in.;; 




2J.7 




3u,(i 




aoj 




4ii.4 




26.7 




:;.-.:; 




ao.1 




4».4 




2l.il 




M 




ai.i 




411.1 




SUA 




\UX 




ao.s 




::-iT 




:il.'i 




:;.. .", 




147 




: 11 1.2 




;n.7 




:..-,-, 




HSjD 




».1 




:i-j,; 




;:.-i> 








17 1 




ru- 




:-.,..! 




■u 




.:....; 




32.4 




uy 




;-;.■■ 




33.11 




:u.ii 




!W.B 








317 




31.7 








asja 









July. 



AiikuiI. . K r|.ii'iu1«r. dciobpr. 



fiCm 

■_-' . 
Sfl.« 
21.2 
2-2 .11 
21.3 
2>i.H 
11.S 
1S.1 
17.2 

iii.; 
11..1 
1 ,-...-, 
is J 
ia.4 

la J) 

ll.ii 
14-11 
14.li 

1.'. .- 
U ■' 
IT .7 
1,-, 
19.8 

ai.w 

'J1.A 
XLM 

21.1 
2l,N 

21.11 

-■l.M 



Hinii. tPft 

l-i.l 
11.1 
17.1 

1(1.4 
I ..-> 
1. -,.<', 



Wind. CV »'""'■ 



l.-> 



Wind, 



NMicinlir, 



i,.-,.- ii'.--. 



..1 



I). 1 ■ 1 r. 



O'ge 



HVnrf. 



APPENDIX B. — DAILY UAUUE REGISTERS. 



,\)iii 



Records for 1858 — Continued. 

Columbus.— Observers, Mr. H. C. Fillebkh-ws, Mr. J. ftL Miiouk, 



[tale. 


.lnuuai'y. 1 F^brtuiry. 


S1.it.li. 


April. 


Mr.,-. 


J till,.. 


Jlllv. 


Aii^ii^l. 


Si'iiL-mlmr. 


,i,.,.,!, r. 


\.,V I.'T. 


Ddofiinliw. 


1S7.S. 


17^ ir.Vi.r , ,'./.■ 


Wind. 


f,"3< 


IITihI, 


S'je IFM 


'.'... 11'.;,.?. 


• .-.,. ■ mad. 


'!"/;■■ 11 Viii', 


I,";? Wind, 


(rm M'iliil. 


Vat HV.i./. 


Tpi 


II YU,/. 


ffffl fl'r'il.i. 


1 


21 " 




\\ 




Nil. 


33,3 N W. 


iil.ii 


SK. 


;;ii.i Mt 


lla s. 


i'1.4 M. 


IS.1 \K. 


I..-1 s. 


nu 


NE, 


7.(1 S. 


•I 


21.11 


N. '17.* 


sH. 


118.1 




saw S ft 


.'L'U 


NK, 


Si.1 


a 


:l U) - 


a.t ' " 


I.-.; SK, 


H.l 


KB. 


7,(1 






it 


S4J 


- |i;„-i 


\K. 


ln.ii 


SW. 


aw i sk. 


su 


B. 


wu 


SE. 


3S.8 SK. 


.Ms SB. 


l ■' .-; 


11 


SH 




an 


D 


S,2 . SK. 


4 


KU 


sb. w.a 


svv. 


i;.u 


>:. 


j>.i siv. 


211,5 


S, 


;|.;.!i 


'• 


K.a \. 


21,3 ■■ 


11 w 


MW. 


S,7 


dW. 


11.:; 


StW. 


9.8 K. 


i 


:i..i 


i:..i 


Ml. 


Iss 


\K. 


.... Ml 


i^.ll 


NW. 


*TJ 


ii 


Jil.,1 S K. 


irt.7 S. 


il,:i 




.-,,-. 


NK. 


11 R 


NW. 


11.2 S. 


11 


iEM 


C.l! 111. 'I'Vlt 


" 


ltt,8 


bw. 


-Jii.-> \ E. 


-<i> 


" 


:17... " 


Jl.n K, 


il.,1 SK. 


Ki.li 


SK. 


:..:i SK. 


14 7 


SW. 


12,11 1 " 


7 


j ..., 


SB, i<-.'. 


" 


u.< 


NE. 


ai .•• k. 


au 


S1V". 


:f7.» 


H 


i..T SK. 


ji.;; \. 


ll 1.4 




fi.l NW. 


l-',.'i 


V ft 


11,11 '■ 


B 


Ml 


dim. I'M 




l«.(i 


\ IV. 


aw * 


M.1 


8 K. 


r;s.i 


MW, 


• '. - \ K. 


30.fi MK. 


OS " 


4.*; ,sw. 


l'i.,i 


Ml'. 


l.'i.l S'. 





mw 


S, liij 


SB. 


I1.1L 


IVSiy. 


i..'. .-i:. 


11' ..II 


N It 


»J 


SB. 


aa.a i hb. 


mi4) , .v. 


0.5 1 " 


47 


N. 


I7,,, i 


SW. 


1il,!> SW, 


M 


■:...., 


1..! 


8. 


IS.il 


SK. 


is.: i sift 


&.., 


n 


:.;...; 


K 


21.0 « 


Jl.l 17. 


B.'i Vr\ 


4,4 


NE. 


1 j.U 


SH. 


17.7 S. 


11 


■:.'... i 


SW. IS.8 B. 


1S.U 


N. 


IS.T i SB, 


-i: i.l 


SW. 


IVkS 


8 K. 


■j... -IV 


:■■, SW. 


ll,i) '. NE. 


4,2 


If. 


17. 1 


si;. 


Ks ■■ 


u 


aio 


E, i:..a ■■ 


L\:t 




H.i,.l ■• 


ai.o sk. 


11:1.1 SW, 


•ii.ii W. 


■: i.i S k. 


s.s S, 


4.H HE. 


1 ,ii 


SK, 


li.7 " 


u 


ii.il 


S. Il.'i sw. 


Is.s 


B, 


2121 SW. 


;ii.,-, K. 


*JJi N. 


J. i.l SK. 


Ji.'i s. 


lt.1 NE. 


ii/l s. 


14,;', 


NW. 


-2.1-7 " 


u 


i!l,!t 


M'.. 11. 1 " 


1'i.J 


8. 


sm » 


aia sk, 


a».a s e. 


ii.l » 


I'.,.s SK, 


11,. 1 \. 


::,n \. 


11 II 


Eft 


22,11 * 


16 -j.; 


i-.'.iii. n J si:. 


in.. 




•27.,-, » 


:;■:.,, \ii'. 


l'.: -K 


t kl " 


KU \. 


i i . i s i :. 


.t,H 


SK. 


lil.i 


NK. 


I'l S 


ft 


1., UX 


SW. ll."> •' 


Iv i 


RE. 


J7.I \E. 


Siu ■■ 


4IU ,' •> 


10.9 ■• 


]>.!! Ml', 


n.ii w. 


:i,*i 


.. 


13 n 




2ll.ll 


8. 


n -'■■ 


I'.lllll ! •■ V. 


ii>.; 


'■ 


su ■■ 


■'.-;,, i sw, 


4<i3 ' 8. 


M.H " 


1X.II ** 


n..-> mv. 


:; i 






H 


•117 


It 


\\ -ati 


NIL I'm' B, 


J1U1 


Ji 


J:'.., - 


810 \. 


4,1." " 


}-<.r, - 


is, a .sw. 


11,2 SK. 


il.il 




1"! 


NW. 


,j- „ 


,. 


, , ..... 


ISA SH. 


21,. 


" 


SlU SR 


3?.il H. 


4 1.7 SB. 


I I'. \. 


17,11 X. 


n.ii » 


li,2 


Ml 


117 




"7 7 




■:> .'j.. : 


K. !■■ ■ 1 - 


J'i.l 


SE, 


3U " 


;as v 


M.H « 


-■'.; sw. 


i : . . s iv. 


l.i.T S. 


34 SB. 


11,4 


w 


"S 1 


,. 


m tiA 


Ji...: s. 




a 


;l-j.» " 


;:..: - 


4".s » 


22,3 SK, 


UUi » 


hi:: S. 


M N- 


lt.1 




■«,7 


ft 


22 'L * 


i ... Ml'. 


J'.l 


SK. 


31.4 •■ 


aai ■* 


lii ■■ 


-I.; m. 


lil,7, N. 


B.9 N K. 


aa ■■ 


lll.S 




is n 


ft 


29 -I... 


SK. 11.11 SK. 


.:.■. 


*■ 


■::■.-, S. 


33.9 B, 


1 1,6 » 


:i,2 « 


l.'i SK. 


■■■ 1 s. 


S3 NW, 


1,1 1 


M 


st.a 




31 J..I 


E. lll.ii S. 


SOU 


•■ 


■i.'..-; mv. 


38.1 '■ 


4'U ' " 


•iU> SK, 


U.-J , ■■ 


ajs sk. 


it.2 NE. 


M.7 


SW. 


2S 7, 


N, 


M !■•..; 


SB. Ils.» SB. 


■■::: 


K. 


n7,j N. 


14.2 SK. 


W.J •■ 


ii.4 SK. 


LI.7 I « 


13 \. 


7..1 


i*B, 


'J.2 


N. 


2s.i,l 


S. 


3d 1M 


SW i.u. sk, 


M.H 


SK. 


■17, 1 ■■ 


SiS J ■■ 


Wl,8 1 « 


i...... S1V 


l:;.;i SK. 


1JS '■ 


;;.'. 




S7 


K. 


...... 




27 lv) 


I.V.i W. 


lil.i 




STJI S. 


:■,.',.,. 


" 


S».l ■' 


Ski S. 


KI.7 ■■ 


::■: sk. 


ii.ii 


NK. 


SI 


B, 


■■i ', 


-NW. 


3a i;,:i 


bU sw. 


.;(.. 


si:. 


3f.il ■■ 


SUI.-2 


■■ 


'i'.'i s 


■«.a si:, 


1 11.4 NE. 


7.11 S. 


S.T .SK. 


Ml 


.■ 


2.1..-, 


{! 


j. n ■■ 


SIV. 


.11., 


■■ 


;!.,.» .. 


;..,. 


*. 


ww m 


.■.-..■j - 


1-1-11 ■■ 


SJ SK. 


:iit 




71 


w. 


2.1.2 i " 


:;.i 


l-.T 


■■ 


;h..'i 


" 


Sfi.1 « 


.:.;,-: 


** 


.■».(! S, 


l!i-l S. 


tan ■■ 


li..i 




1 1 




71 


\. 


2S.II - 


HI 


i:,s 




Ml 


H 


! 


.■;>.,-, 






JI..1 » 


(.;,■; ■■ 






1.9 








27.S " 



Records for 1S5S* — Continued. 

Memphis.— Olisorvei*, Mu. Michael CokWAT. 



Dal,., 


J...... irj 


FeViniary. 


Slush. 


Ayrll, 


Muy. 


.liiii". 


July. 


August. 


9trt*Ambaf, 


ik*l'.ln;r. 


NovonilKii.. 


Uecainlwr. 


1S38, 

i 


21. ii 


mad 

Ml. 


'.' 
I7.'i 


vc. 


',"./ ii'..,./. 

11.1 NK, 


:::.i SU. 


14.,i 


117 nil. 
NW. 


-.1.1 


Wiml, 
SK. 


.-. .. ir.„... 

3A.II SIV. 


f.V IIVuJ. 
2.1.11 SH. 


(Tot 


fflnd. 

SH, 


ft iff 

771 


Wind. 

SIV. 


I.'W 


117(1(1. 
NK. 


(,>' 

7.2 


SK. 


ll 




Mi, 


17.11 


Ml'. 


H.'l .MV. 


.::;..-, SW. 


114.7 


SW. 


:iKi) 




at.n 


M 


•J.i.'i NW. 


1,1.2 


SK. 


7.1 


,1 


4.11 


SW. 


7.1 


SIV, 


(1 


' ■ 




17 7 VK, 


11-. >W. 


SiA " 


lH.rt 




HI7J 


SW. 


:s4.7 


XE. 


J-.s - 


13,1) 


N1l r . 


.;.., 


u 


J.li 




7,1) 


,, 


4 


Jl.l SU' 


I7.il SW. 


1 1.1 ■• 


■12.' i '■ 


11.1 


H 


711.4 


SK. 


71 1.Ji 


„ 


' 


SK. 


I::.,, 


SIV. 


li.S 


„ 


."i'l 


SIV. 


il.tl 


■1 


f, 


22.1 SW 


17.4 " 


:,' .. mi'. 


X1.6 NK. 


11. t 


Ml'. 


11 l.'i 


MV. 


31.11 


n 


JJ t 


SIV, 


IJ.s SK. 


n.ii 


SK. 


11. 1 


SK. 


',.; 


-SB. 


« 


22../ S'K, 


17 1 .MV. 


1 >..', - 


ill.! *' 


Stil 




::i.7 


SW. 


:ut.2 


" 


lliUI 


SK. 


12,7' SIV. 


M.;; 


SIV. 


I1.N 


.■ 


ii.ii 


\ IV. 


7 


;. , Ml' 


I-.'.' Ml. 


l.,.i> " 


Js.J S1V. 


ij.s 




.(1.7 




::-■-■ i SK. 


21. .1 


Ml'. 


U.'i SK. 


fill 




7,11 


sw. 


rill 


sw. 


K 


.', ■ 


w,; su. 


1-..I SK 


2'1..I " 


111,7 


SK. 


:ii,7 


SK. 


iii.'i SIV, 


21.7 


NW. 


(1.,, SIV. 


'-. 1 




111 


SB. 


T.T 




11 


21...I '- 


1 '1.4 \ K. 


l.i.l ■• 


21,1 SB. 


k)L7 


SW. 


iilj» 


SIV. 


3J* N ft 


J IJI 


SW. 


II, ii siv. 


:,-, 


-. 


HU 


SW. 


\: 


-VB. 


)<l 


J .. • 


I'i.J Ml. 


i • . gw, 


22. s ■■ 


I'l.l 


N W. 


;,l.,| 




-T.S 1 SB, 


2l.li 


SK. 


ln.2 NW. 


. 


SB. 


11.(1 


SW, 


s," 


N1V, 


11 


J..-. - 


I'l." NK. 


I" .7 " 


JI.. -• 


J'.- 


SH. 


... I 


MV. 


21121 ' NK. 


21.2 


SH. 


'i.'.i 


SK. 


5.11 


Ml. 


12, L 


SK. 


US 


-. 


12 


■J . % - 


|-.,'i " 


■ si: 


2 1,1 ■■ 


JM1 


" 


».| 


„ 


2-.il ll 


Jl.l 


'. 


11,11 


SB. 


7. 1 


*V 


12,(1 | •( 


L'l.l 


NK. 


la 


».« \w, 


1,. SU 


l-.l SH, 


Jl.il SIV. 


.>.;: 


" 


■ ■■,,■ 




Ji.'.' SB, 


21.2 SK. 


H.7. 


SW. 




SK. 


i;;,.i sw. 


11.2 


SK. 


14 


U.V MV. 


! ■ . 


livrt » 


21 s SK. 


il> 


" 


■'-'.■: " 


21.1 " 


Jl.'i SIC. 


1l.il 


\w. 


5,1 


sw. 


171.4 


II 


1J.il 


SW. 


IS 


2-1.7 ' 


1,1 SK. 


ins •• 


J :: \ ft 


as 


SW. 


;u.a . sw. 


, 1 .'. . - 


.''- SB. 


9.2 




.'j.'i 


SH, 


12." 


NE. 


lil.il 


,* 


111 


_,l 




n.r si; 


i ' . SH 


JI ' ■■ 


11.7 


SIV. 


., .. i 


SB. 


22,1 SW. 


J'l.d NK*. 


'.1.0 


., 


4,11 


SH. 


I3.il 


SH'. 


14.7 


S ft 


17 


2271 


SK. 


: | . -, ;■ 


1 >'. SU. 


Ji '..', SIV. 


112., i 


SW 


iis.u 


- 


2 L.'i SK. 


21 1 SIV. 


in..:; 


N'K. 


is 


SW, 


II. i 


•■ 


11., ii 


.NW. 


IK 


22,1 


Ml 


ll." SW. 


l:,.:i ■■ 


j: ; si„ 


■12.2 


SB. 


:u-,,.i 


« 


21.1 1 • 


J'.il SK. 


II." s. 


1.7 


" 


ll..i 


NE. 


15,'J 


SW. 


lu 


JJ.'l 


" 


1. ■ 


Ml. 




j-> - 


-ij.l 


SW. 


...i 


„ 


*U) 


" 


J.'... SIV. 


ii.', ■■ 


-l.il 


.NE. 


11,1 




til.7 


.-(■:. 


- 1 


22.2 




1 .1 


SK. 


J'.'l SK. 


J'7 SIV. 


IJ.il 


" 


... 


S IV, 


J. , 


SIV. 


IM.fi 


-SB, 


li-i - 


1.1 


SIV. 


lii.li 


NW. 


IT.'i 


m;. 




-'2.1 


SW. 


1 -. 




22,11 •• 


:.,... ■- 


Sfcf.ll 


» 


3S4 


'■ 


Jl.'i 


- 


IH.il 


SK. 


11.. S II , 


4,11 


MV. 


111.7 


SW. 


1 .1. i 


NW. 




J.-,. 


" 


1 , . 


SW. 


.'!.' SK 


:ii Siv. 


"!■• IS 


SB 


::.'.. ■,: 




-,'l .. 


svv. 


l.vil 


SW. 


1 ■ ' SK. 


4.2 


SK. 


Hljj 


*, 


ltl.ll I SW, 


Of 


*2..i 


NK. 


1. 1 




J.-.l BW, 


■ ■--.' '- 


KM 


SH. 


.:...:: 


SB. 


J2..1 


S IV. 


|V!I 


SB. 


l:t.B 1 SB. 


4.1 


SW. 


1 . 1.2 


SK. 


lin.S " 


sU 


JJ 1 


" 


W,» 


sw. 


SU 


...--. iW. 


is.; 


SK. 


M.11 


SW, 


•JSjR 


SIV. 


17.,-, 


NW. 


D.'.l SIV. 


■t.', SH. 


Ll.ll 


NB. 


::■■ SB. 


2,1 


Jl.l 


" 


i>.j 


" 


.'■7 


■ ■■:. 1 SIV, 


H..1 


SK. 


36.S 


" 


Jl'l 




I.i.ii 


,- 


■.,.., 


S K. 


4.D SK. 


I>.7 


NW, 


22.M ! NB, 


2,1 




SW. 


14,1 


.' T 


.HA 1 * 


■ ' :. . SK, 


12.11 


.. 


*V2 


SB. 


-2',, J 


„ 


l.'i 


N'B. 


■i.J 




4,11 N'K, 


!',:, •• 


2l.ll 


NIV 


if 


I'.l.l 


NK, 


!l 2 


SK 


lll.il " 


su sw. 


;.; ' 


S'W, 


.;...j 


M 


J .-•'■ 


SK. 


IS.ll 


SW, 


K.S 


sw. 


4,11 ! NW, 


S.7 , SE. 


-'., 1 


,, 


as 


lli.l 


MV. 


11.2 


NW, 


| • 


ill SE. 


a& 


NX. 


il.1.2 


It 


2H.J 


SW, 


lt.it 


VK 


S.4 


SK. 


4.1 , SW, i 


s.n -sir. 


.'.,,, 


SB. 


2.1 


1- , 


SK 






. 


.11.. SU. 


£t.; 


SB. 


;.,,i 


SU- 


:'■,! 


SK. 


11.. 


SIV. 


7.11 


'. 


1.2 


S II 


7.-. aw. 


•7 1 


SW. 


..i 


li.l 


SK, 






EM SK. 


714.5 




t'l.U 


-IV. 


;.,.. i 


SIE. 


2H.U 


Ml, 


IS.ll 


S IV. 


7.'. 


,( 


1 1 


SE. 


7 I 


SB, 




N W, 


ill 


17.7 


S'E, 






.-.;■: •■ 






J4.1 








2().,'i 
1 


NE, 


13.9 


Ml. 






42) 


NW. 






Jli.2 


SW. 




















































22 














































ilil.T 


















































nl.l 




21 














































111.2 


NB, 
















































111,1 


SIV. 


2i, 














































mu". 


SB. 


27 














































J'...7 


NW, 


-■ 














































2t^ 


MV, 


.'• 














































2li.ll 


'- 


■ 














































■2V7, 


SK. 


■' 














































22.11 


SW, 



xliv 



REPORT ON THE MISSISSIPPI RIVER, 



Records for 1S5S — Continued. 
Helena. 



Data. 


JnuufiFj. 


Bi.ln-nnry. 


March . 


April. 


Kmj. 


Jllll... 


Jnl.v. 


August, 


S'j.t. niWr, 


Debitor. 


N'OTcmber, 


Heeemlior. 


IKK. 


1,'i/t n'imt. 


(."at 


Wind. 


<?gt 


HVflrf. 


i;'ltc 


IVimI 


ffft 


llVmcf. 


(Pflt 


Wind, i.'ii' 


Wind. 


(fgt 


Wind. 


1 

(.-.,- llV.i.I. 




H'iiKJ. 


l.> 


Wind. 


G'yt 


Wind. 


1 


3tt.» 












4it.li 




II.:. 




Vlii 


44.U 
























2 














ll.ii 




41.4 




4U4 


Uiji 
























;i 














41 JJ 




4Ui 




411.4 


i .... 
























4 














lll.d 




41 £ 




4".:. 


4.1.(1 
























6 














411.1 




•11..-. 




4li.ll 


17. J I 
























6 














4H.ll 




11.:. 




;.,- 


1 .ii 
























7 














..'.1 




i! II 


4ll.ll 


M B 
























8 














3S.II 




4cl,<i 


41.11 


44 ,* 
























H 














;i7Ji 




in. I 


,41.1 


44.-1 
























hi 














:i; n 


4«.2 


41. -J 


44J 
























11 














11.1 


,atiJi 


ii a 


43.7 
























12 














84.f> 


90.7 


41.4 


4;i.u 
























13 














■:..n 


;;.•.. B 


II.:. 


12.2 
























14 














si.7 \m& 


41.C 41. 3 
























If. 














HIM 311.1 


'll.K 1 40.6 
























1(1 














;.l.n :.-...-. 


fcMl 


SU.6 
























IT 














:ii.s 


M'.... 


»aj 


:.'.i.. i 
























18 














;i2.;t 


,W./i 


42J 


:iv:t 
























ID 














.us 


SW 


142,4 t km 
























30 














: 14.fi 


:■:'.'. 


m 


37.0 
























111 










aiJi 




;»;." 




BII.B 


148 


























•M 










:-.l.'i 




:.T 




36.7 


,42.9 1 


























23 










324 




SDMI 




;-.'..; 


1-iSfc.t 1 


























■n 










:',! ii 




I'.M.D 




MTU 


483 




























•a 










;ir,.s 




USA 




rai.s 


1 ... 




























as 






21 .7 




srr.0 




40.0 




SU.U 


43.7 




























« 










SIM) 




40,4 




JlUI 


44.(1 




























•is 










SM i; 




«M1 


4ll.ll 


44.2 




























LV 










:;n.7, 




41.11 


(4 .1 


44/i 




























80 










4ll.ll 




41. J 


40.11 


1*4.7 




























SI 










441.7, 






40 Ji 













































































Records for 1 S 5 S* — Con tin ued . 

Napoleon, — Observer, Mil. A. A. Rpisoroif. 



Bate. 


Jantwrj. 


rVlHTMTJ. 


March. 


April. 


Maj. 


Jnne. 


Jnly. 


Augiiel, 


Sejitemlier. tldolier. 


NnT<»nilier, 


Dwemtcr. 


H..V 


'•"> 


11,...) 


It'll' 


Wind. 


Il'llr 


•M, 


ff« 


Wind. 


.,'.,. 117 /...i. 


f.'fft Wiml. iryc tTind. P'm ll'ind. 


:'„, 


HVnil. V,,, if,,,. 1 


9ft 


HVlirf, 


,. -,.' 


H'ijhC 


1 


;h>.h 


I'uhii. 


7771.11 


SW. 


•&.» 


NW. 


447. 


s. 


471.4 


I'll in. 


44.4 Calm. 44.7 SK. 7)7 .» S 


1S.U 


S. 1*.M 


s. 


fi.2 


X. 


•■•M 


NW. 


2 


:u.u 


N. 


.771.2 


X. 


21.1. 


». 


|...'i 


I.lllll. 


471.7 




41.4 S. 44 ,fl 


- 


:,:.:'. 


*■ 


1S.4 


12,1 


* L 


n.l 


Eli 


11. 1 


w. 


3 


jts.ti 


NW. 


113,1 


NW, 


21.1 


N. 


l.'i.l 


*1 


l::7 


SW. 


44.4 " 11.7 


sw. 


11.11 


SK. 


1S.1 


N. III. 7 


H 


Jp.ll 


+' 


741 




4 


;t2.« 


SB. 


712.S 


u 


2l.fi 


NK. 


47i2£ 


.1 


471,11 


** 


41,7, ■■ 44.7 


.. 


na.t 


a 


I7.M 


s. Iii.a 


.1 


4,« 


* L 


h.4 


sw. 


6 


saji 


sw. 


.12.7. 


N. 


24J8 


E. 


44^1 


.. 


4 7 Ml 


W, 


44.fi 


SK, 44.7 


■ 


;w,k 


B. 


17,« 


11.0 


Palm. 


S.l 


" 


lt.li 


s. 





SU.0 


B. 


371.11 


S. 


MJ. 


«» 


4A.4 


t* 


44 1 





14.7 


HW. 44.1 


NW. 


at i 


SW. 


17.7 


» ilo.i 


i' 


0,1 


** 


12.1 


1* 


T 


:,l.'i 


NW. 


ai.o 


N. 


»l.4 


it 


l.*,^ 


.. 


41.1 


„ 


Wi 


S, 44.S 


NK, 


3S,« 




17, a 


1 111.1 


H 


'..0 


" 


ll.ii 


" 


S 


ll-2.ll 


K. 


3u.lt 


S. 


W.2 


N, 


4.'..1 




44.1 


u 


4n.ll 


Calm. 44.7 


Culm. 


Itt.i! 


SK. 


1H.7 


lll.d 


N. 


tt.u 


11 


is,;. 


w. 


a 


3221 


IV. 


m>.:j 


SW. 


27.1 


W. 


44 .h 


K, 


44.) 


M 


17.1 


«. :44.T 


SW. 


.11 .H 


SW. 


l.i.l 


" 


11.7 


1* 


111. 1 


NW. 


ii.) 




in 


32.1 


a. 


:ihji 


N. 


_-i.:i 


s. 


l( t 


" 


44.1 


u 


47, > 


" 44.fi 


SK. 


711 7i 


» 


Ui.fi 


4. 


11.4 


m 


11.1 


\x. 


IM 


" 


n 


XLU 


KW. 


soi) 


SK. 


7Ul.ll 


t[ 


44.11 


IC 


44,1 


w. 


47. 2 


,44.ft SW, 


aoj 


.. 


lfi.1 




11. 1 


u 


12.1 


S. 


ui.7 


NK, 


IS 


712.7 


w. 


ai.H 


N. 


7KI.I 


1* 


4:!,2 


B, 


47t.ll 


a, 


4'i.a 


\W. 44,11 


s. 


SMI 


s. 


I4,i 


* 


v'.i 


u 


171.4 


u 


-n.l 


it 


la 


7M.lt 


sw. 


2H.4 


K. 


:m;i 


.1 


42.2 


w. 


471.N 


•• 


17. 2 


471.S 


1 ,1m, 


•2n.l 


■ 


11.1 


" 


M 


HTfa 


14.1 


a. 


22,1 


" 


14 


7U.2 


B 


211.1 


>¥,. 


:.i..i, 


It 


41.2 


IE 


171.1 


.. 


17. It 


Culm. i:i.ii 


.. 


asjs 


NW. 


111.11 


NW. 


K.fl 


" 


117, 




21.1 


<( 


],', 


7H.1 


Culm. 


2VX 


>. 


7H1.7 


n 


411.2 


s< 


43.0 


.. 


4.1.J1 


ijia 


.' 


2Vl 


N. 


[:•..;( 


*" 


H2t 


m 


117 


\K. 


27. .11 


w. 


in 


... 


.. 


2vl 




;m,s 


.. 


;■::. 


d 


4-'i.il 


■i 


4.'.,a (!, 42>i 


.» 


,7.. 1.. 


13.3 


" 


M 


H. 


14.8 


u 


27.x 


sw. 


17 


afl.ti 


•- 


2X.II 


H 


atiJ 


ii 


39,6 


if 


•l:i.!i 


-■ 


i.:; SW. 42.1 


w 


. . i BB 


13.1 


NK. 


7.11 


H 


ll.H 


B. 


J'111,11 


s. 


IK 


out 


« 2J.fi 


H 


:il.n 


,i 


:;ii.7. 


" 


4,-;.i| 


N. 


4f7,3 » 41.4 


■ H 


217. K S. 


13.S 


Cilm. 


7.7 


it 


li.l SK. 


31,7 


V 


111 


714.4 


" B4 


N. 


:;i :i 


BK, 


41 1.(1 





44.2 


«, 


17..:: g. 4I.ii 


" 


J. .i. \ 


H.I 


•' 


i ,;. 


sw. 


1 l.N N . 


371,(1 


n 


an 


83,a 


" 21 .i i 


(1 


:;j I 




In 2 


- 


11.2 


s. 


4f,,2 Plilm, Hl.H 


■« 


3B.1 c.ilitl. 


14.0 


,. 


7-1 




14.71 




::,-,7t « 


21 


713.7 


■« 


•a a 


u 


7171^1 


b. 


ln.,-1 


H- 


44.2 


1. 


■i.7.2 ■■ SUA 


M 






Ii..] 


M 


7.1 


SK. 


ins 


i. 


a«.i « 


22 


... : 


,. 


27 .a 


K 


;:■! n 




4n 7 


,i 


44,2 


HK. 


17.1 g. 3»,1 


s. 


27..1 


SW. 


1..... 


M 


7^» 


B. 


1221 


*• 


7iii.1V ' SK. 


'ill 


iia.4 


.-», 


27 1 


B 


:i7i ii 


H 


41.1 


u 


■11 i g. 


■I7..1 SK. 7>7 


.NE, 


'24J 


" 


I..2 


.. 


I7L) 


N. 


11 1 


«-. 


30,7 1 " 


24 


7171,4 


H 


27 .1 


.■ 


717 2 


M 


4U 


W. 


44.1 


ElK, 


4.) .11 


8, 3S.2 




21 1 


s. 


111,7 


H 


0.7 


NW, 


H-7 


SW. 


;i,;.r, 


K. 


■ ■ . 


33 J 


('ill III. 


27.2 


Cnlrn, 


7*4 


H 


41.7 


(Vlui. 


142 


ii 


4S.H 


8K. 3S.2 


». 27I.H 


" 


1,.,, 


•' 


BJ| 


W. 


h.:i 


s. 


30.1 


NR 


20 


7171.1 


** 


2H.H 


ri 


mx 


.> 


12 1 


N. 


■ii-; 


sw. 


47. Ii 


a sw 


Calm. 2i4 W, 


I'l.l 


& 


n,:t 


N« T . 


7..1 


K. 


717.. i 


■t 


J 7 


311.6 


•* 


2l .2 


N, 


MA 


i. 


42.4 


SB. 


n 


UK. 


17. ii 


71V.I 


22. S N. 


17..7. 


SK. 


n.l 


S. 


0.1 


NK. 


7U..4 


" 


2* 


rui.ii 


w. 


J...i. 


4. 


41.4 


M 


42.N 




ii I 


KM\ 


44 11 


7W.1 


S. 22,4 " 


17.1 


aw. 


.l.si 


SW. 


ll.O 


N. 


ilii. 1 


« 


2M 


711.11 


NW. 






12.7, 


" 


4K.2 


- 


44 7 


B, 


44 h 


S. 3S.1 


SW. ,'JI.O 


»l 


1471 


s. 


S.7 


w. 


,1.1 


*i 


::(.„ 


sw. 


:» 


714.1 


ST. 






l::.l 


u 


4:j.:i 


.1 


il : 


.. 


447 


Calm. 7».l 


S. 


21. K 


,. 


171.1 


" 


.'..Ji 


NW. 


i.,1 


« 


. 1 ! 


B, 


31 


SS.1 


SW. 






44.1 


H 






4421 


BW, 




,a»J 




111 .7 


g. 






621 


K, 






aa.4 


'' 


• is:,: 














































37,7 


















































)K.O 




2S 














































TDt.'J 




131 














































31.11 




H 














































37.7 




si 














































:.,;., i 


sw. 



APPENDIX B. — DAILY GAUGE REGISTERS 



xlv 



Iiecm'do for 1S-5S — Continued, 
Lake Providence. 



isa*. 
l 


.1 II. H 1 f. 


Felimary. 


Mru-tli. 


April. 


Mat, 


June. 


July. 


Aognrt, 


September, 


Octolwr. 


NoveniKT. 


DetMQtMr, 


cy MYno". 


/■V ll'i'nd. 


(75-n 


Wind. 


45.11 


H7Krf. 


47.) 


iri»(/. 


r.-.„ 


il,».„' 


CTgt 

4.7.H 


lITarf 


'.■> Ti'nrf. 
13,6 


<?a* 


Wind. 


fTj/e 


Wind. 


ITgt 


mm. 


'■*;/■ 


]|-W. 


2 












4H.2 




17. i 




(i.S 




45, N 




4711 




















3 














4r;.; 




17.1 




i:.,'j 




45.8 




42.1 




















4 














47. 1 




47.M 




4.7.11 




J.vS 




i ■_-,■; 




















5 














47.-') 




47." 




i:..« 




4fi,8 




41. >t 




















ti 














47-4 




4ii.il 




45.; i 




45.8 




41.4 




















7 












147.5 




4(i.H 




47..!) 




4.V.', 




m.- 




















g 












i47.a 




*<■■.: 




15.9 




4;,.s 




■>".;: 




















II 












IT.'. 




W.ri 




45,9 




45.S 




:Hi.« 




















In 












47.3 




46.0 




4,-1.11 




45.S 




:to,4 




















n 












4(1.9 




MUI 




4SJ 


45.8 




s&ti 




















12 












46,5 




40.5 




45.11 


4SJ 




S8J 




















13 












4(1.1 




411.4 




4tl.fl 


4--...S 




Stl.t 




















14 












4S.fi 




4'1.,'i 




1S.C 


45.8 




86,0 




















M 












45.2 




ifl.a 




4,',,!i 


45.- 




88,6 




















in 












44.- 




j. .j 




15.0 


1.7. - 




35.0 




















17 












44. E 




46.2 




l-'..'i 


15JS 




35.1 




















IN 












44.7 




40.2 




l-i.'.i 


IS.8 




Mil 




















HI 












4t,« 




46.1 




17..0 


■.-..» 




,.l.u 




















i*i 










1 44.(1 




II-..1 




45,S 




+5.8 




xu> 




















21 










38.4 




171 




H..1 




1...S 




45 .S 




33.0 




















22 


43.7 








».) 




<&a 




WU 




17. « 


,45.8 
























23 










4".:i 




4.". .11 


*6.1 




1.. -, 


,43.8 
























24 






32.1 




411.9 




45.0 1 


41 ■..!! 




4W 


KVJ5 
























25 










4.1.1 




4i;.i 


4IW 


45,8 


4S.« 
























211 










42.1 




0; :■; 


4-l.n 


w,s 


45.4 
























11 










£ .1 


;40.i ( 


40.0 


45.S 


17,.] 
























38 










an 


4'-."S 


46.9 


45.8 


44.8 
























M 










44.«i ;:." 


4S.n 


■15.8 


lt."i 
























;m 










47, 1 


47.1 


4.'..:t 


IIJj 


'44.2 
























31 










U*\ 




J&B 






'4J.S 

























Records for 1858 — Continued, 

Vicksburg,— Oliservcrs, Libi'Tenant H, S, Puts ait, Mr. H. A. Pattimox, Mb, J. J. Cosway. 



D*te. 

firVv 


jMiunry. 


SURUW7, 


M..I-7,. 


Aj.rll. 


Mciy. Jime. 


July. 


August. 


Hi?l.(eliilH.r. 


iiii..l»(. 


November. 


Dt j MiiilM.r. 


i7',;. OTad 


f'"^" Wind. 


i.-;r mat. 


ffft 


ir(B(/. 


tTse 


rRiuf. (,■,/'■ 


n-i,«i. 


'•'Sir 


OTml, 


0B> 


ii'i/i'i. 


C?gt H'i'ikI. 


I.'g, 


Wind. 


tfiir 117,1(1. 


CTgt Wind. 


1 








:i)7. SK, 


44.4 


KB, 


4<i.-a 


SB, 4T.(! 


mr. 


48.1 


P4W. 


4<VJ 


SW, 


■.-0.7 


BW. 


Ki.2 


SW. 


SW. 

* w. 


17.H N B. 


9 








aw nw. 


44.!' 




47.0 




4,1. 


.. 


l-.l 


ti 


44UI 


Ii 


»7S 




l.'i.ii 


H 


8,7 1 W. 


1fi.fi ! Y.. 


a 








DUi) - 


45.4 


SK. 


4;. -j 




47.7 




J\l 


11 


•1 :,.'.i 


H 


Ji.- 


NE. 


1S.1 


t- 


HI N.tW. 15,0 ' PE. 


4 








! '. S. 


45.7 


°* 


47.2 


H 


47.S 




l-.l 




45.7 


*" 


il.il SW. 


14.5 


* 


St.O NW. 15,4 NK. 


£ 








.-'.J »w. 


45.8 


■ |47741 


H 


IT4 


n 


4N.1 '* 


45.4 


E. 


2'1.5 


E. Jt 
SW 


14.2 


n 


9.7 u 


1G.1 ! E, 


II 






~<A 


4,,« 


47.:i 


" 47.S 


.. 


48.11 


B 


45.li 


NW, 


23,1 


SW, 


13!) 


SE, 


10.7 « 


14.0 1 u 


: 








2U.2 N. 


4i„l 


» 


47:; 


M' i; • 


■■ 


-ivl 


NE, 


44.1'. 


.■ 


2J.8 


.. 


ISA 


- 


17! .7. " 


14.8 


8 








-."•.7 \ 11 . 


i',.:: 


'■ 


17. :; 


IT .9 


c 


l-.l 


." 


,11.; 


" 


22,4 


M 


13.11 


H 


15.1 1 ' 


15J , NW. 


■' 








. sir. 


4C,4 


rt 


47.4 


SB. ITU 


fiE, 


(81I 


MV. 


43.7 


" 


21,'.i 


u 


12,6 


8W. 


in.fi 


" 


IS. 9 


N. 


)<i 










MM 


.. 


4'7, r , 




47.5 


47.9 


■■ 


Mi.) 


" 


I.1.11 


sw. 


21,4 


SW, 
A H, 


12.3 




19.7 


SK. 


IT." 


E, 


11 










si-i 


1, 


IM 


SW. 


47.5 


■ 


4*4) 


SW, 


4SJ 


ft 


42J 


XK.t 
S5V. 


2I1,H 


NE. 


1-J.l 




21.8 


NW. 


18.0 




14 










no nk 


t,,.,, 




47.5 


Odm. 


4R.I 


u 


48.1 


jNW. 


I'J.i. 


SW. 


.11.1 


if 


1 1 7-. 


w. 


'USA 


" 


2rl.7, 


as, 


13 










32.4 9. 


iii.i-, 


SW*. 


47 .4 


<K 


Ml 


*l 


48.1 


NK. 


11. :i 


NW. 


hi., 


.1 


1 1 .7. 


I'llllll. 


24.7 


.t 


22,6 SW. 


11 










33J S1V. 


4(1.4 


R 


47.4 


** 


tsl 


t'l 


1ft. 1 


K- 


40.K 


,V. 


IK.ll 


u 


11.2 


K. 


as.a 


SK. 


24.8 " 


]« 








-1. 


Hi.V 


-17 


47,4 


- 


4V) 


** 


l*,l 


K 


41 ..1. 


NW. 


18-'l 


NW. 


10.9 


NE. 


L _ h 5,. r i 


NW. 


20.1! ' SW. 


IS 








S3AI f". 


4A.B 1 ,«HK. 


47J5 


- 


4H.1 


NK 


(i-.l 


-. 


sw.7 1 Jf. 


17J1 




10.11 


SE. 


•J...:; 


NK. 


27.4 NK. 


17 




Mj (Win. 


34X1 Culm. 


4S.T " 


47 X 


" 


+S.1 


B. 


l-.l 


sw. 


;w.;i 


K. * 
\Vi 


17.3 


II 


10.3 




25 I 


1' 


28.9 CiUm. 


IK 




34 1 




.142 SW, 


45.(1 8K. 


47.4 


Ml. 


I1.J 


M 


48.1 


SW, 


S»J) 


NW. 


17,11 


NK. 


10,1 




21 fi 


N. 


30,2 ' 


IB 




33.7 




34 •■ B. 


45.4 - 47.4 


" 


4S.1 


HE. 


US) 


■' .tsai 


'i 


17,11 


MV. 


OS 




■'4 


NK 


' 1 7 


s. 


211 


...1 


:hj. ,-K. 


47. -■ !-W. 


47,i'> 


f^K. 


4K,l 


FW, 


l».il 


1!. 10 7r 


« 


17 J! 




(111 




•■:; 7. 


W. 


S3J 




<1 




MV 


45.7 


SK. 


1,... 


bl 


4*1.1 


a 


II jj 


SW, 8M 


.' 


17.-1 


II 


4 




22J 


N VV 


■-4i, 


w 


.•: 




32.8 SW. S«,o m: 


15J» 


dh 


17 ..', 


' L 


48,2 




41,7 


it 


:v,.l 


f 


lx.4 


" 


0" 




225 H . 


35.7 


KW 


2:1 




Mjj « KJ1 NW. 


44.1) 


\E. 


47.5 


SW, 


4C.2 




4V. ii 


» 


il5.fl 




I8.5 


« 


D 1 


SW. 


Ul.i. ■■ 


3B.7 N. 
"7.7, N K. 


•i 




:;2.'i - '*,'.* " 


41,11 


- 


>E. 


UU 


4b 


11,(1 


NW. 


7.4., 


it 


1-,, 


El 


ft,* 




7- 1 NE. 


27i 




,:, CUra. SM s. 


4(1.1 


HE. 


41.4 




uta 




IT .4 


" 


34.4 


K 


1-;, 


1* 


KS 


It 


ana " 


r:-.n ' 


.■ 




32.2 NW. *Jf " 


4i..;: 


NW. 


47.5 


NW, 


l».3 


ft 


47 1 


NK. 


83.4 


.. 


IS.1 


P 


811 


SE. 


1BT 


Culm. 


vx- 


s. 


27 




SM S, *'> " 


4. ,.4 


SE. 


47.il 


HW 


4HJ) 




47.11 


K, 


33.11 


MV. l-.l 


■1 


8.0 




19.1 


HE. 


3*2 


It 


2- 




7 7 - H.7 - 


l&£ 


" 


47.0 


" 


18.1 




|i',.- 


,MV. 


31 ,H 


NW. 


17,7 


NE.4 
NW. 


M 


SW. 


18.0 


■' 


30,7 


s. 


29 






42.:; !*K. 


t>',,7 


» 


tut 


" 


41.J 


'• 


4(!,7 


» 


■M-: 


• 


1773 


\E,,V 


8.7 


It 


lh.1 


NK. 


40.0 


„ 


a 


«.» " 


,,'..- 


■* 


47.1 


" 


48.2 


ti 


41,... 


H 


.-in 


.. 


1H,« 


SW. 


K,li 


Till 111. 


17,0 


NW. 


40 5 


„ 


a 


ia.7 \e, 






4,.d 








4(1.4 


41 


.■717 


L< 






- i', 


SW. 






10.7 


X. 



xlvi 
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Records for 1S5S — Continued. 



Natchez. — Observers, Lint tenant U.S. Putnam, Mil It. F. Levbneo. 



Dulu. 


Jiiiinary. 


February, 


Mltivls, 


April. 


May. 


June. 


July. 


Allglltt. 


Sep*nntt«r. 


October, 


\,iv"ml»T. 


Dsoeenlwr, 


US5S. 


Cm 


HVilu*. 


! . 
Cgi irtwi. 


6 - m...; 


',"./ n .,,.;. 


f?> 


II-.W. 


(."(c n7nd 


Gijr yt'iwl 


>,;. wind. 


r7»« 


IPTii./. 


(,-.„ ii,,../. 


ir, t r w;,„i. 


',-/,■ 


Hi'm(. 


t 


4I.U 




«.B 


US. M . 


14 1. 7 


N. 


47.4 i MV. 


41.3 


SE. 


.1... 


gw. 


:<•.:, s, 


■'*i.f> sw. 


.ia.il 


S1V. 


IM 


SW. 


in.., 


SW. 


7".l 


M. 




«fl 




4l.il 


SIV. 


;it,4 


SW. 


i^.ii ' SW. 


:.1.1 


*i 


,71 11 


1. 


Set 4 " 


.'"1.7 " 


■ i 


^ 


1H.8 




111.4 


>■ 


111,11 




3 


41.2 




■14.(1 


SK. 


SO," 


\H'. 


IV 1 - 


.'il.T 


SW. 


fit.O 


-■ 


..J. \ ■■ 


Kijs * 




n 


17 7 


,1 


111.4 


NW. 


m.a 


" 


4 


41.1 




44.B 


" 


Si. J 


I'.illil. 


4\7 a 


aiji 


a 


.a .ii 


s. 


.,.■:■. SW. 


,,.i.i » 


aii.4 


.. 


17. a 


.' 


141.4 


W, 


1H.1 


'i 


5 


tOA 


8. 


■1 l.B 


SW. 


SB.B 


a 


l(U sw. 


01,0 " 


:.a.u 


ft 


-,a.a ■■ 


■>i.a sk. 


a-.:: 


.1 


tan 


" 


1H.7 


NW. 


1S.'J 


SW. 


t 


I-..1 


Culm. 


44.1 


K. 






1".:; a 


ALP ■» 


B2.fl 


a 


■-.a ■■ 


...... s. 


ai.4 


fi. 


in.1 


" 


11 Jl 




IT.n 


1* 


7 


4a.U 


N. 


411.7 


KB. 


S3.5 Mi. 


K.8 » 


&1J 11. 


.-.■ i 


cl 


;._■._■ - 


•■, 17 


ami 


SK. 


:.. ., 


Ml'. 


la.;-, 


1' 


IT.ll 


s. 


'" 


4-^.li 


Cata. -i:;.l 


SW, 


■ '. . 


N, 


I'M 


ii 


.-.t.'.i a 


:.a,l 


SW 


. : .a.a W. 


I'.l SK, 


.'...;; 


W. 


i ..: 




14.11 


8 


17.1 


Ml 


!i 


42.2 


M. .VS.ll 


44 


.'.:,.•> 


fW. 


4''.'> 


.1 


■■i.'.' SK. 


.vj.a 


»* 


.va.a s. 


4;l.li S. 


a.'..^ 


A 


14.; vi. 


ltl.ll 


" 


I,"... 


ft 


l'i 


4-ii 


" 4a.fi 


nb. 


nui 


M 


r*i,i 




sag SW, 


:.a.a 




.a.a ■- 


»J) SW. 


w. a 


sw. 


14.4 


s. 


IS.S 


SW. 


I-.I 


" 


11 


42.1 


KTV, Man 


•t 


•MA 


S, 


W.S 


SW. 


iaji -■ 


■ . ■. 




B4S ■■ 


B,8 ■■ 


.'4» 


MV. 


1: i.'.i 


MV. 


aii.i 


N. 


1'U 


SB. 


11 


ia,2 


SK. I.'.l 


" 


H7.1 


N. 


.,i..:; 


w. 


:, 'ii tt 


■■ 1 


\\\ 


■va.a NW. 


4:.;i sw. 


ai.u 


" 


ui.'j 


" 


1EUI 


vv. 


-.i.i'. 


*' 


13 


ja.ii 


\ E. i-'.;; 


Ml". 


;i7.« 


R, 


;,.p,-i 


SW, 


S2,tl mv. 




\\y. 


■'.j a 


■i 


1..-I M . 




- 


1 :'...-, 


.. 


a'.,:i 


I* 


-.'1 .- 


** 


14 


i:i.a 


liilm. 4J,- L i 




..-.■-1 


.-if:. 


JUI.3 


i. 


■ 1 '1 


>. 


■■< 


'- 


;,j :! 


14 


I'; t 


SW. 


aa.4 


-' 


1SJ 


'* 


-...i 


SK. 


a„,'i 


s. 


V.> 


ll.l 


SB. Ui.Q 


« 


;m,7 


a 


■".;■ 


s. 


51 -i 


s. 


,7a.4 


a 


/.a.a 


in 


i-. ■. 


„ 


a i.« 


W. 


IXll 


" 


S;.\ 


SW. 


-l .'I NW, 


HI 


41 ,S 


sw. : 4i.ii i sw. 


an ) 


4. 


.Vl..'l 


.1 


Mf 


** 


'■■■•■ 


a 


;.a a 


4J 


IV: 


■ 


aii.ii 


Ml'. 


ia,7 w- 


al.ii 


" 


an.ii ■■ 


11 


4S.it 


** 


41.1 I'nl in. 


.','.i.; 


u 


:,.i_' 


9W. 


.1 N 


M 


...'..i 


s. 


:■■:.:■ 


( ' 


4|.!1 


** 


MX 


" 


ia.j si:. 


*.l 


Ii 


30.1 » 


I* 


4,'..:i 


NK. 


-ll.ii S45. 


SD.B 


" 


IW.1 


SB. 


■1.7 


" 


MA 


" 


-■a. i 


\- 


II... 


*' 


IU.7 




ia.a b. 


ar.7 


Mi 


ua.ii w. 


HI 


■1.-..2 


4. 


4n.t NW. 


'.Bl.ll 


■ 


Ki.1 


.. 


M.J 


V. 


■,_•.! 


HW, 


..a l 


MW, 


0." sw. 


111.3 


" 


ii.!- m:. 


77 .a 


ii 


SU SK. 


ai 


4". 1 


SMI 


1 ..-. 


SB. 


»,1 




:»i.4 w. 


MJt 


" 


;.a,i 


SW. 


KJ.1 


Bh 


l::.l W. 


IB.J 


N, 


11..: V 


St,* 


\Y. 


.1.7,11 " 


L'I 


4.-. .11 


W 


■Iu.il 


S. 


I'.'.i 'J 


X. 


S0.4 " 


;,i.h 


" 


t/lA 


vt, 


:.a.i 




4a.i i sw. 


IB.U 


MV. 


'1 1 Ml'. 


au,a 


K. 


*1.T NK. 


as 


44.* 


KM & 


8(1.1 


N. 


In. 4 


s. 


rni,;t 8. 


r.l.i 


SW, 


;.a.i 


s. 


SriU 


ssv. 


ia.a W. 


lati 




n.a •• 


a-',.7 


11. 


SiJSi K 


■s\ 


44 fi 


SE. 


HO .4 


** 


41.1 


tfW. 


m& s. 


fJt.U 


a 


.>a.4 


" 


M.S 




H.l V 


J.. 1. 


" 


llJJ Ml. 


-■■ .1 Ml, 


38J VI', 


u 


44.il 


SB. 


;i!i.a 


i'W. 


ll.fl 


*• 


:.'i.;-: 6W. 


..1 . 


.- 


.va.4 


SB. 


MJJ 


w. 


MM ' 


a».:; 


SW. 


ll.ii • 


ai.7 - 


;in,!i v. 


39 


41.11 


Ml'. 


11! Ml 


*» 


iJtJ 


" 


-V i . J 


11 


■ I 


b> 


.".a..". 


41 


U.I 


SW. 


4u.O « 


au 


11 


I-...S H 


a:;.7 W. 


Iilrl 


K. 


an 


II. i 


NTS. 


Js.8 


W. 


43.S 


MV. 


M.e 


\. 


..!.'■ SW. 


..a... 


w. 


.,).!■. 


s. 


::'...! a 


an 4 


SW. 


i".; a 


a:;.a i sw. 


41 7 


». 


a: 


11... 


Ml. 


.is.ii 


a 


41. a 


a 


MM* 


NW. 


iu« ■■ 


-,a..> 


K. 


7.1.1 


K. 


:>,: W, 


a.. 7, 


'1 


ln.'.i '. ■■ 


•jiii] " 


.,„ .. 


NW. 


38 


44.il 


'' 


MJi 


14 


4...I 


'* 


..n.s 


SW. 


(n.B a 


sa.i 


■■ 


..1.:. 


S. 


ST.] mv. 


a» u 


■> 


ll.ii SW. 


ai.u s. 


1 ■■. 


ii 


au 


II.;: 


N'NW. 






4.7.* 


r * 


SO.B 


" 


M.B sw. 


..a--. 


SB, 


..la 


" 


::■:.! 




i'.i.i', 


w. 


lrj.lt '. " 


21* NW. 


4:t1 


S. 


:»> 


4i;i 


SK. 






4<;.a 


u 


.1.1 


Ii 


n.s a 


-.a.-. 


s. 


.'.l.l 


SW. 


!■. 


*+ 


fi :• 


a 


iixa ■■ 


21.0 | " 


4;i4 


SW. 


ai 


44.4 








4, .11 


sw. 






.11.9 ( sw. 






f.l.u 


a 


B3.S 


n 






10.S « 


1 


4,'l.i 


SW. 



Rci-onl* for IS 58 — Continued. 

Red-rwor landing.— 4 IWrver, Mu. Mihitei, Tobhai. 



Onto. 
ISSS. 


January, 


lA.hnirtry. 


Mirth. 


April. 


Uv 


Juu... 


July. 


Aufrupjt. 


~ l.i, nil. i. 


Oetober. 


Ni.VfltUlUT, 


I ] 


<TW 


Jli'i'.?. 


Wfft 


Wini, 


I.'ur 


Ili'jl4f. 


«> 


Itiiirf. 


(ftr 


DM 


'•' ■'. 


U.7j.l 


Til' 


lii.l./. 


',',-■ 


11 . ,-t 


fffr 


Miii./, 


(,".,. 


Hill./. 


<;;,, 


WlHd, 


<?gt 


117,,,/. 


L 






.S'.l.l) 


MV. 


;ll.> 


S. 


9*1.1 


.MV. 


44.4 


s. 


i-.a 


a 


+.',.4 


a 


44.N 


'■ i 


ill 1.0 


N. 


lav 


s. 


1171 


Nil, 


14.(1 


N. 


a 






.;..| 


" 


•■HA 


** 


|i ..I 


1 ill m. 


41..'. 


" 


44V.S 




:.. i 




11T 




1K,S 


S, 


I.-.4 




11.1! 


N. 


I.i .<i 


S 


.: 






:ili.u 


SK. 


;n.a ■■ 


40 Jl 


S. 


Hi 


" 


i,..a 


,i 


4,'>.t 


.i 


(1... 


H, 


ar.s 


u 


11.11 


w 


ll.l 


" 


11,.', 


.. 


1 






:S'.i.n 


N. 


;t,'i.« 


fill 111. 


40.(4 


SK. 


4.i.0 


** 


i ,.j 


n 


ts.l 


*i 


41..'. 


.. 


JC...1 


SK. 


1IJ1 


*l 


0.1 




II 1 


a 


ii 






ni.ti 


it 


;t;.i 


a 


41.1 


Calm. 


47.. 1 


■i 


1473 


SW. 


4',.4 


" 


44.1 


i';iliii 


as. l 


a 


11.. 


ft 


11.2 


NW. 


W.T 


,i 


tt 






asjj 


K. 


•M.t 


" 


11.4 


" 


4,'..a 


" 


1.,.:; 


s. 


I..... 


" 


II 1 


s. 


i"i> 


♦i 


I'l.li 


M 


I1..1 


N. 


l:i:i 


,► 


i 






;tt.7 


s. 


SUI 


N. 


■11.7 


s. 


4.U 


" 


1.,.:: 


s. 


4A.ll 


" 


III 


w. 


*1S 


i' 


in. a 


s 




a 


1 i ^ 


.. 


8 






;ls.n 


Culm. 


;;a.u 


i 


Jl.'.i 


" 


47iJl 


" 


1.,.:: 


* 


47..U 


H 


17.'' 


v.. 


:i B 


a 


II.N 


n 




*i 




w. 


M 






",-:.; 


s. 


ria.H 


S, 


ia.a 


.1 


4».ii 


t. 


l,.'i 


H 


M.fl 


1. 


4K.7 


cam 


Jt.l 


« 


ai 


i* 




i» 


I'll 


\. 


10 






SN,1 


N. 


32.11 


" 


ia.i 




ias 


SW. 


1,,.;; 


" 


4.7.U 


'■ 


l:..., 


a 


an.:: 


ii 


aa 


u 


11 il 


SW, 


Kill 




II 






117.8 


i. 


SJ.1 


" 


17.7 


N. 


: ■ 


N. 


It, : 




■l.i.ll 


" 


i;.-; 


+' 


!■..: 


\. 


p i 


ti 


IS.D 


s 


KI7 


s. 


12 






;i7.n 




:tut 


" 


ias 


W. 


4;..r. 


" 


1..I 


N. 


...... 


sr, 


ta.:i 


.■ 


I-..7 


ii 


v. 


i:. 


I -'1.2 


s\v h 


ll.fl 




1.1 






37.7 


1'rllni. 


33.8 


■' 


4a.o 


11 


14.5 


a 


47,4 


" 


i ..: 


f 


i>. 


s. 


I7.N 


H 


an 




lil.Ii 


S4 


l.i.K 


1* 


14 






87.9 


S, 


7.;...i 


'* 


4il.O 


s. 


i .. 


» 


1...I 




4Vi.il 


i. 




1 


lll.ll 


H 


Ml 


N. 


1- i 


m: 


HI 


14 


l.i 






;i7..i 


Gain, 


;n.a 





4il.il 


a 


■ 


* ; 


4.1,4 " 


4.i.0 


>. 


17. a 


s. 


Hi. I 


+' 


\" 




111.2 


s. 


2l.ii 


V 


III 






:t7.:s 


tl 


:jl.7 


|* 


lii.l 


!■ 


4ii.4 


" 


4.i.4 " 


4S.I1 


■. 


17.1 


s. 


nut 


ft 


7.K 


i 


211.2 


*» 


'-'7.7 


'■ 


11 






=17,1 


'* 


;t4,a 


N. 


4fl.a 


" 


4..I 


i* 


1...1 a 


14,0 


M 


la.u 


'- 


l.-.i, 


H 


7.7 


S. 


211..'. 


it 


■a:. a 


SW. 


IX 






;iti.ii 


a. 


U£ 


liitm. 


t;;.a 


.. 


L.l 


SW 


1...1 ■ 


4ti.<! 


i- 


ii .'.i 


14 


ii '' 


(1 


T.tl 


*4I 


K.t 


n 


ai.a 


11 


111 






Htf.7 


s. 


;m,s 


S. 


1.;.;; 


M 


1.7,1 


N. 


4.1.1 | " 


■I7.il 




ii i 


II 


l:t,:i 


« 


7,3 


U 


20.4 


f*W. 


7.,.., 


s. 


aii 






.ii.... 


s. 


34J 


" 


•lil.il 


». 


4.i.4 


41 


I...I " 


t .... 


•t 


4U.M 


S. 


mo 


*4 


7.0 


\. 


211.1 


\, 


,'....' 


il 


ai 






■ J...:! 


'■ 


:ll,s 


" 


4il.il 


U 


44i,4 


S. 


ua\ - 


1... 


ft 


t i 


.. 


11,11 


II 


ait 


u 


HIS 


j* 


aK.ii 


NW. 


aa 






3ll.I 


N. 


34.0 


L ' 


4,'L'l 


'* 


IS.:! 




47.1 ■■ 


1 ■ 


>i 




1. 


las 


?- 


0,0 


11 


111.,'. 


■' 


an 


\ 


33 






a.*..s 




;«,.:( 


s. 


i...; 


a 


U.t 


ti 


4.i,4 " 


4. ■ 


^ 




N. 


i.i ,-, 




n.o 


s. 


Ill.l 


«* 


auj 


a 


ai 






a*,t 




;».« 


u 


4J.7 


" 


U:> 


" 


1...4 " 


4.1 1 


,. 


3K. (1 


S. 


i:;..i 


.. 


..... 


.. 


IS.S 


SW. 


:il..i 




a.) 


90J 




;j. r ).ii 




ao.i 


1 ill 111. 


t;l> 


t'ltitu. 


*!>,■! 


" 


l.l 


^ 


: 


" 


;i7n 




Ins 


,' 


11.4 


n 


11.11 


8. 


:i2» 


K. 


a« 


.'., 




:u.t 


" 


;ii i.ii 


s. 


4it.1l 


N. 


1 •. 1 


" 


lii.l 


HI 


ift.l 


II 






i;i'< 


M 


114 


.. 


17 1 


'* 


au.i 


S. 


* 


:i','.;i 




.:...: 


.-. 


ii',.i 


i ill in. 


4il.!l 


- 


K ■- 


'* 


111.1 


« 


1 . : 


II 


.:. 1 




lil.K 


s. 




8. 


|i,.7 


a 


iVI.ll 


I'illlh. 


2» 


:l>i.,'l 




;.., 


" 


7-.li 


" 


44.11 


" 


1.. ; 


■' 


1.. 1 


« 


ir.,. 1 






K> 


lis T 




i;. 




!■■ a 


a 


:u.7 


\. 


an 


W.i 








;,v.. 


" 


44.1 


*. 


4-i,i| 


-■ 


'-. 1 


■■ 


4.11 




iliLJ 


\, 


Kill 


s. 


,,,. 


w. 


i ii.i j 


SW. 


K.li 


lilllll 


;lu 


;i.l 








iiu.ti 


SK, 


44.a 


" 


l.-..:l 




I-. 1 


,. 


47" 




■ :i [ 




III'' 




(1 1 


. .in,. 


!...» 


NW. 


:(ii.a 




31 


I'.i.ii 








ilii.il 


sw. 






i.-.a 








4t.ll 




ItlJt 


., 






11.11 


s. 






::.'..!, 


-N. 
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Records for 1808 — Continued. 



Donaldsonville,— Observer, Mb. A. Sural 



Out". 


January. 


I'otiruary. 


March. 


April. 


May. 


Junp. 


July. 


August. 


Sf|jl. J liltj.T. 


Dctubf.T. 


\..vi,il,.'r. 


Dceant)6r. 


IK*. 


cy 


ii.-,../. 


(?at BTni 


.. IlKad i.:,r Winil. 


fTf 


Wind. 


/,"./.■ ii',,,,/. 


1 
'•'>!' Ill ml. 


tfffr 


llVlrrf. 


ffim 


11",',,,/. 


,."„. 


Wind. 


I,"ft,- ll','.„J. 


1 

(.-■./.- 11V,,,/. 


1 


ai.ti 


SB. 


J...-. Mi. 


:■■■■ V 


a&u 


\w. 


■!'<.» 


SK. 


■-*>.>> 


SE. 


S»,l) 


S. 


'JN.5 


w. 


-,,.:: 


s. 


K.7 


E. 


r,.n 1 


R 


TTn 


K. 


2 


"4 d 


,* 


as w. 


2-v; - 


j' ..J 


,. 


211.1 


B. 




H 


X 1.11 


** 


:> i 


sw. 


■J,,.,l 


'1 


fU 


.. 


4,r, 


W. 


,.-, 




:i 


B*.0 


». 


a.s s. 


23J) W. 


LMJi 


S. 


au> 


MY. 


aii.n 


" 


■J'iji 


i:. 


•jH,a 


'1 


I''.., 


1. 


n.n 




■i. ^ 


-■ u . 


i;.v 


H 


i 


-'1 N 


K. 


2.',..-. N. 


23.0 E. 


'JUX 


a 


■-SU 




-..., 


H 


L^i.ll 


*• 


ma 


w. 


111.11 


w. 


!„'. 


Ml. 


4.0 


4 


7 a 


.1 


fi 


■Si n 


\\f. 


as.a - 


22.5 ■■ 


:::.: 


w. 


■.-'... 


« 


ao.o 


a. 


L1l.ll 


f!. 


■j- ,i 


KE. 


1SJ5 


K, 


M 


^ 


4.0 


■ 


7,2 


NW. 


<■■ 


■'4 7 


.. 


2M B. 


•--J." s. 


27. .1 


s. 


aui 


\V. 


•-UH 11'. 


■-'li.ll 


M. 


J7.-. 


ft 


1S.IJ 


14 


7.;i 


M 


4.11 


XE. 


7.2 


s 




iM.l 


E. 


■2i.s NE. 


22." VI' 


as 


a 


39JI 


K \ 


».1 E. 


L'llJ, 


» 


13.0 


\V. 


ITji 


ii 


7.;t 


XIV. 


4.2 


B. 


7,ii 


.. 


s 


'•1 rh 


.. 


2-t.-. ■■ 


•_-J.i. Ml'. 


ar,s 


" 


au 


sE. 


tt.l '■ 


SO.) 


M 


37.fi 


E. 


i;.i' 


R 


7.1) 


w, 


J.r, 


X1T. 


7,11 


X. 


■.i 


■'1 U 


.. 


3*2i s. 


212 VV. 


j-." 


.. 


■."i,:' 


" 


'.!('. 1 ' S. 


-".>.!> 


sw. 


iT.4 


\l. 


its 


14 


7.H 


K. 


n.ll 


W. 


7.0 " 


ID 


■_-.: - 


g 


21.2 x. 


■ -, ■' sw 


su 


M 


90.(1 


% 


2B.1 SK. 


w.o 


** 


"7 3 


BE. 


lii.D 


H 


7.11 


MK. 


fi.2 


SK. 


7." SE, 


11 


«4 ri 


sw. 


21." E- 


:: i -. 


2Vl 


STf. 


..n.ii 


\l. 


W2 S. 


au.« 


* l 


£.1 W. 


i4.:i 


N. 


7,0 


E. 


U 


NW. 


7.'J ■■ 


12 


"4 '■ 


j.. 


_i." a, 


sa^i * 


aw 


SW. 


as>.a 


:; 


-"...1 


\v. 


'»..n 




27.0 « 


H.n 


« 


7." 




ll.'JJ 


S. 


RjU i E. 


13 


31 5 


x. 


U.<l W. 


.'-J.!, SE. 


:■,-' 


w. 


29.0 


K '. 


anil 


N. 


--.">> 


w. 


i6,i> 




IStA 


Kit, 


7.4 


NE. 


7J1 


X. 


'ii.U s. 


H 


■■1 - 




■7,.,. •- 


3W i - 


M » 


■AI.'J 


SE. 


■.1U 


NK. 


■ji.,1 


a 


16JJ 




1J.0 


C 


7.4 


X. 


8,0 


B. 


M.,1 


.. 


IV 




i:. 


21.0 E. 


SI .-. ■■ 


2M a. 


■jti.« 


1'ftllll. 


•JSIA 


(.'aim. 


•.".i.ii 


H 


"' 




U.l 


KB. 


7.4 


EL 


KA 


X. 


1 11.2 


N. 


18 


".." 


kvt. 


21." •■ 


23.T S. 


asjn « 


;.".!,„ 


ri. 


■.■■'..: 


aw. 


::■'.,, 


W. 


ID.6 




Lt,S 


K, 


7. H - 


" 


KM 


« 


III.S 


i, 


ir 




n. 


Ufi R. 


2U> w, 


as/ ■■ 


auj 


■ 


La*.i! 


SK, 


a»,o 


** 


afi.j 




U.«l 


K. 


7.1 


u 


[I.U 


E. 


11.11 


A 


u 


"', 1 


■■ 


SUJ « 


_!■■ SE. 


ffit,S -• 


l>li.4 


Ml'. 


Lll.l 


" 


L'MI 


" 


1'.4 




Wl 


u 


M 


+■ 


H.n 




11..-, 


B 


IV 


SKI 


t:. 


■_..,.', Ml'. 


_.(_„ .. 


.■-.■ 


w.a 


'■ 


2VI.I 


E. 


ai.o 


s. 


i^,.i 




S^i 


'* 


7.2 


n 


!,.„ 


JL 


13.11 


P. 


29 


ai.T 


., 


31.4 & 


21.11 " 


)B , 


Li'.;; 


E. 


.,, , 




l'i.m 


\. 


SfM) 




N.2 


ir 


M 


K 


il.ll 


STf. 


II.. 


X. 


81 


av.« 


Ml', 


,.■:.) v. 


si.* S. 


ss.a 1 iv. 


l->.:; 


h - 


-...- 


" 


i«l,0 


s. 


l'J-7 




7.!l 


" 


ll.S 


Ii. 


S.3 


E. 


l.Vi 


E. 


23 


2T.JJ 


8. 


aw v 


... , .i 


a -. sw. 


a i.- 


k* 


J Ml 


II 


LV.M 


s. 


If. 4 




7,s 


n 


i;, it 


a 


M 


-\ IV, 


17.0 


H 


2.3 


2S.S 


se 


■::.,■ •■ 


aw k. 


SB.S Ml. 


.„,._. 


SIE. 


IS J) " 




,1 


;;,j 




T,8 


■ ► 


M 


■ i 


Ml 


.. 


1S.S 


4b 


24 


•&.* 




-;.„ ■■ 


21.2 " 


as.* 


K. 


aiji 


S. 


-T-l S, 


lP.ii 


w. 


**.* 


«,ll 


" 


r, i 


s. 


7« 


^ 


i'ii 


Hi 


its 


25 i 


»W, 


i&n w. 




2B.1I 


g. 


a<;J 


L * 


W.l - 


1S.K 


aw. 


m 


M 


it 


ii ;i 


t'jllm. 




K. 


'2no 


H 


20 


2M 


" 


2S.0 SW. 


M.» " 


211.1 


NW, 


at.a 


1L 


jm.i i-:. 


at.! 


\*. 


>J4 


n.ii 


IV, 


II X 


1 


74 




21 n 


n 


•JT 


ffl s 


NW. 


SB.ll 8. 


sm » 




K. 


an.*j 


- v. . 


.-...I ■■ 


ffl." 


B, 


It. 4 


B.a 


1* 


7 2 


s. 


T.n 


tt 


■.'1 ;. 


Li 


".1 


27..S 


- 


aa ■■ 


&1 ?w, 


2H.2 SK. 


■-',U 


8. 


3».ll B. 


»*,7 


s. 


ill.) | 


M 


B. 


7.11 


M¥. 


7>, 


1 ^ 


21 11 


KE, 


■11 


■'.'..'. 


W. 






M.S RE. 


.-'." a 


..,,! 




SHI.l W. 


».» 


" 


li.i 


ll.s 


-■ 


U.1S 


H 


7.11 




22 n 


K. 


Ml 


2j,7, 


E. 






£ ." K. 


S.0 


" 


.:■ ! " 


W,.| s. 


2SJ) 1 " 


£1.1 NE. 


'.I.II 


■ ■ 


r,,n 


s. 


7.2 


N. 


aa.» 


S. 


31 


bus 


.1 






».« KW. 






2W . " 


! 


33,« W. 


li.1,7 1 sw, 






.',..', 


XE. 






iKi.s 


Jf, 



Retard* for I SOS — Continued. 

Carroll ton.— Observer, Mn. W. II. Wii.ijaxs. 



Data. 


Junuarj, Prtrwrj, Mni.h. April. 


Hay. .Turn'. 


July. 


1. '1 . '1-1 


Bepttrabw. 


Octolair. 


N'oveuilwr. 


Utft'llllllT. 


«r» inml. ','■,, tin,.' '.'..r 11',,,./ ,.V it',,"'- <■'•/•- Wind. I'yt Wind, 


,;v nrind, 


(Tyr Wind. 


tFt/t Wiml. 


f,'V Wind. 


Cffe 


II ',',rd. 


ir,„ 


Wind. 


1 


ll.y -i. i.., MV, 11.7 S. i :..■ S- U.7 SB. II..J L'alai. I:;.si S\V, 


i La w. 


*.* 


SVV. 


., ., 


w. 


l.s 


W. 


■::.. 


NE. 


., 


U.l - 1.1.1 I ,1m. H.. MV 14,1 Ml. H> " ,U..| " iKS.H E. 


132: i s. 


8.4 


S. 


2.1 


II 


1.1 


NW, 


2.2 


B. 


.1 


13,1 SB. I-,.J SK, 111 <'l"i 13.(1 I'.illn. I.'." i " 11.3 " 13.* 


S 


I.-.2 ■• 


*.l 


.. 


2.0 


s. 


"7 


S. 


2.0 


S. 


4 


1." , 


MV. Ii; S. U.i » l.l.T " II. ■* NW, '11,3 SE. Ills 


SVV. 


17.. 2 vv. 


7.7 


VV. 


2.ii 


1 


".,'- 


* 


., ., 


■' 


i 


IS.0 


si:, m.2 " ii -■ -i. ' LH " H.n 


VV. IU SVV. 13.S 


VV. 


13.2 1 N. 


:.i 


.-. 


1,0 


K. 


U.4 


u 


2.1 


■■ 


t 


\%A 


Culm. 13,11 E. Ill 


8. 1:1.', " u.s 


Culm, u.i . t'aiiii. i3,s 


sw. 


1.1.1 » 


n.ii 


B. 


1.0 


s. 


0..", 


w. 


1,0 


" 


7 


via 


l-t, (Mm. U..4 


vv. iii.'.t S. IM 


n 


U.l " 13.9 


K, 


l::.l 


B. 


,,.! 


'■ 


1.3 


X. 


i,,l 


K. 


2.0 


il 


It 


12.2 


SVI. 12.B SK. l«,f> 


MV. 14,0 


14,!» 




1424 1 NW. 


H.n 


svv. 


!.!.„ 


s. 


0,0 


N. 


1.0 


a 


0.4 


X. 


U) 


a. 


u 


12.2 


SE. la.'. .<t.. I-.. 


8W. 14.11 


f 


11 i 


KB, 


14.3 I a. 


H.n 


vv. 


117.1, 


XK. 


,',.'! 


MV. 


1.0 


B. 


0.4 


" 


1.0 


„ 


10 


l-.l 


SVV. tsfi X, in.,'. 


S. 'j.- 


SK. 


l,.l 


Ml. 


Ill ■■ 


i..,-. 


" 


1 2.H 


8- 


!• 


B. 


1.1 


a. 


n.s 


v.. 


1.0 


\i:\ 


11 


12.1 


Colin, 12.", NE. ln.M 


11,- NW. 


[n.ii 


INlllU, 


ll.l - 


!■■ 


*t 


12.7 


IV. 


I." 


W. 


1,2 B. 


1.4 


X. 


2.0 


X. 


111 


l.'.l 


SVI. )2.i SVV. 1U.H 


Cain n.ii svv. 


li.l 


+» 


11.-: MV, 


13.S 


t, 


I2.T 


sw. 


4.2 


N, 


I.I N . 


2.2 


SK. 


2.4 


8. 


13 


12.3 IVllul, 12,11 i'aliii. In:' 


N i: u,;i 


vv 


1.,." 


.. 


ii. j m:. 


111.7 


N. 


12..', 


NE. 


:,.' 


" 


1.8 " 




N. 


2,11 


.. 


14 


12.4 »W. 12JS SE. 1 1 .71 


SK, ,N,.', 


.-vv. 


14.7 


s. 


14.3 , Calm. 


1 11.7 


►. 


11 V 




...1 


w. 


1.2 " 


il.6 


s. 


;*,3 


.. 


10 


IU IV. 12.7 >E. 11'. 


II. 


». 


I4J 


BE. 


14,2 




out 


XB. 


"M 




:■■.-'. 


■t 


1.3 XE. 


3.VI 


N. 


3,7 


N. 


10 


12.7 ». 1.'.7 X. U.u 


" ll.fi 


■ 


14.7 


S. 


Mi: 


Ml. 


l.I.U 


*■ 


li.t 




3,n 


N. 


1.3 E. 


4.0 


.. 


4 2 


NW. 


17 


IBS 


T2.it C«lnt 12.„ 


a. U.4 


'» 


14,7 


1* 


ll.l 


XK. 


l:;.n 


u 


11.1 




a.a 


IV. 


1.9 ■• 


*3 


E. 


47 


X. 


i'- 


E',,,1 


E 12.7 svv 12.1 Culm I1J 


14.1 


Qktn, 


11,2 


" 


I".., 


SVV. 


ll.l 




2.2 


NK. 


1.* 


H 


:■■• 




:, ■: 


NK, 


t'i 


I'," 


\B. 12.,: N«. 12, , SE It i 


14.7 


\. 


ll.l 


Ctvltll. 


14.0 


SK 


]!.□ 




«j .1 


a 


i.i 


SK, 


7,7 


S. 


6.8 


s 


■.'" 


1 l 1 


12.1 C*lt.i ll-li S. '11,4 


SW. N.,1 


I'ulni 


N.I 


" 


l.:.7 


tsw. 


1I.K 




2.1 


M 


1,1 




3 7 


,NW. 


113 


., 


-] 


U.4 


12.1 S. IW BW. U.2 


CalliL. 14,11 


XK. 


U.l 




la.' 


" 


llA 




., •, 


S. 


1,1 


.* 


3,,"> 




7,0 


MV. 


ii 




*E 12.2 NW. H.n I'.tliu. U.l 


MV. M.'l 


SK. 


111 


NK. 


13,11 


H 


1U 


SVV. 


l.fl 


u 


li.s 


X. 


,14 


N. 


7 


XE. 


-., 


1 . 1 


11.11 •■ 11,. S Hi 


,\, U.i; 




1 4.1 


Callll. 


in.,. 




IW 


s. 


l.~ 


,, 


7 


w. 


3 11 




SI 


X. 


24 


| . ■ 


I1.K X. 1411 MV. Ill 


Calm, ii." 


Cat in 


1-1.1 


SB, 


IUJ) 


VV. 


U.2 | SW. 


1,7 


SW, 


US 


& 


27 


M 




II 


■a 


i . ' 


U.7 1'jlni. 12.2 >» W.„ 


& it.r. 


s. 


11.2 


8. 


1 :., 


NW. 


11." K. 


Ii X. 


ll,.". 


vv. 


2 


NE. 


no 


., 


■jo 


I 1 


1 ,!:„ 11.5 ' '-■ M:. II-, 


NW. il.o 


s« 


li", 


X. 


Ul.t K. 


I".- .-. 


2,-1 SVV. 


O.li 


SK. 


2,0 


8. 


urn 


a 


2T 




| ,, S. tl.< 1 •1 i»l N -'i 


Mi. It.'. 


film. 


i i.i 


,1. 


13.7, 


^. 


10.8 ' N. 


1,7 >f. 


2,0 


s. 


2.7 




1112 


.. 


*JS 


|-i.; 


MV, It 1 SVV. 17 ' ' 


s. it..'. 


% 


1 1 1 




111,.', 


5. 


10.2 \E. 


l.ii 


B, 


l.ll 


K. 


2.7 


sw. 


in i 


NE. 


•J» 


1 , 1 


„ 


111 si;. '. 


11.1 




14.1 


Calm, 


I7S.1 


M 


0.3 ' S. 


2" 


a 


1 1 


w. 


•' " 


E. 


111 .5 


s. 


.1u 


Ml 


\E 


S !l.., 


SE, Hi 


*' 


14,0 




1:;.:: 


W. 


!■..■> NW. 


2.0 


X. 


1.S 


B. 


2.7 


NB. 


1n,S 


II 


31 


13.2 




l:..;. n, 


„t 


,. til,,. 






13.11 


SVV. 


',.1 ■■ 






1.0 


NE. 






1LI.K 


NW, 
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REPORT ON THE MISSISSIPPI RIVER. 



Records for 18G9. 

Columbus. — 0) j server, Mn. J. M. Moore. 



Data. 


Jiiimary. 


Fobruary. 


March. 


April. 


May- 


Jama. 


JnlJI. 


in-i..[. 


S- |.t.'llllHT, 


t)ct<.trtlT* 


Xoromlwr. 


It. ■'. nil.- i . 


1K.W. 


i;-,i, ir.w. 


i,-,/, 


(WW. 


ey 1 ifvh./. 


!.",/.■ HI ml. 


<«■> 


ICiui/. 


g>ft 


llVmf. 6"'K 


iiyji.;. 


'.'.,. Wind, 


C/;< 


ll'i in J. 


.,'.,. 


IViiirf. 


erst 


mm. 


fTgr 


llVnii. 


1 


2H.9 1 s. 


3U.I 


s. 


87.3 S. 


373 


8. 


;;.,... 


B. 


■j'.M 


s. 


EM 


s. 


la.u n. 


















3 


2.v- 


%. 


-t( i> 


IV. 


:C.fl 


■ ■ 


87J 


w 


:i7.n 


" 


m 


N. 


.... -. 




las ■• 


















3 


34.1 


** 


10.1 


H 


■ ;;; 


H 


37.1 


" 


8T.4 


»' 


■j. i 


" 


jT> 


;t. 


I.'.:: .s. 


















-1 


■.;t.:l 


■i 


111.0 




:',7.s 


li 


36.7 


N. 


37 J) 


■■ 


■i t.i 


M 


ji.i 


N. 


12.it " 


















t 


■':■, H 


w 


IK It 


B. 


m h 


K 


IMI.il 


M 


m.J 


.- 


i'Wi 


\E. 


■jj.ii 


** 


11,8 \. 


















ri 


■til 


n 


WM> 


N. 


:rr,!i 


« 


ail.4 


sw. 


:w.4 


" 


ii.l 


8. 


ai.a 


a. 


11.7 Mi. 


















7 


Ml * 


K 


17.1 


.1 


3sfl 


it 


art.1 


■ 


:;s..l 


u 


li4S 


■ 


2H.4 


■* 


U..i N. 


















8 


23 1 


SK. 


i7-; 


S. 


sr,8 


n. 


il.Vn 


V 


ns.s 


sw. 


■Jl,,i 


\E. 


•J", "J 


N. 


l'i.7 - 


















II 


2.14 


S. 


17 '1 


N. 


i; ; 


s. 


3B.7 


-». 


.;-.'■ 


K. 


21.0 


•I 


ta.fi 




1 :... >t:. 


















1U 


■•:> :t 




I7n 




:ff.i 


M 


3/..1 


8, 


,W.3 


H. 


■J U 


'it 


it.,l 




12.0 K. 


















11 


■Mil 


it 


1711 


a. 


;tr.4 


tt 


.;.'. J; 


« 


:i7,.'. 


a 


ai.i 


+' 


is,;. 


E 


12.1 S. 


















12 


■'■_! 9 


SW. 


IS.It 


N, 


rrr.o 


II 


34, « 


" 


3H.S 


* 


La* 


8. 


17. S 


s. 


ll.« -11". 


















13 


sua h. 


l*,l 


a. 


:ut4 


« 


31 7. 


« 


36.1 


s. 


1V.S 


** 


17-1 


" 


;>■• »• 


















11 


■j' v.i a. 


11 1 




35,* 


*■ 


MM 


" 


.::;. 1 


" 


iu.;i 


* 


in. n 


* ( 


in.y 


Ml 


















IS 


iM'l 


SW. 


1S.II 


H 


IIS 1 


N. 


lli.l 


K. 


:w.w 


s. 


18,0 


IF 


lil.l 




Ut.ft 


S 


















111 


IT K 


s. 


111.11 


.. 


us 


& 


■MA , ■ 


».3 


Is.i', 


" 
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Records for 1859 — Continued. 

Memphis.— Observer, Mr. Michael foswAT. 
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Records for 1859 — Continued, 

Napoleon.— Obst'iver, Mil. A. A. Eiunuton. 
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t t '<i* 


ir..«-( 


i 


3a,8 


X. 


* 


33.3 


■- w. 


3 
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W. 


4 
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^ 


fi 
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9. 


ti 


aw 


u 


, 
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u 


s 
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K. 
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44 


10 
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•2. 
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Cfgt Wind. 
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April. 



'>>■ ll'i'mi. 
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'.'> HTihi. 
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'."flr Wiuii 



July. 



August. 



<7> I1W. t.-.j, Win,!. 
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f/^e HViu/. 
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NVvL'niUsr. 



<V> ""i'l'i. 



DaeOmlMr. 



ff-J/f llHld, 



Records for 1859 — Continued. 

Vicksburg. — Observer, Mb. A. T. Xollet. 



Date. 
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\J IV. 
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July. 
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I..-. 1-ml.i r. 


6 1 IF KL ■■ I 
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t7« iriVi((. ffa ii Mi 
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Cjie 


ir.ii-J. 


1 
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-. 
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tt.3 
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s. 
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-- 
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s. 


J1.0 S, 
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S. 
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(SJ 


*• 
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.. 
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y. 
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11 
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B. 
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'■ 
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l:i.,' 
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D 
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»* 
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7 


41.il 


\>r. 


.-;.' N 


K. 
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« 
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», 
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IH.K 
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1 
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S. 
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-. 
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14.0 
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9 
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■* 
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S. 
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4S.1 
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14.3 
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41.1 
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s. 
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-■ 
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-- 
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S. 
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U 
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" 
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». 
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H 
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NW. 
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411.4 


" 
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V. 




K. 
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B. 
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H. 
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14.7 
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13 
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K. 
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.. 
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■+ 
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B, 
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.. 
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N. 
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-. 
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u 
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.i 
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9. 
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u 
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a. 
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I'l.I 


■i 


tea 


M 
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17 
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V. 
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«. 
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I'p.'^ 


8. 
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N 
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B. 


|9.« 
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K. 
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** 
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19 
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3. 
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s. 
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\. 
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H 
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H 
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S. 


I-.'. W, 


















N. 
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li 
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M 
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14.3 




S'£9 ft 
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fi.u " 


(ill - 2H5 


'. 


IT.ii 1'iilra 




















r.lni 


:■ 8W. 
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M 
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s. 
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a 
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•& 
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K. 
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s. 
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■t 
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N> 
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It 
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Records for 1 850 — Con t iuu oil . 

Natchez, — ObserTw, Mb. H. F. Leaunku, 
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1-1.2 
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+u 

ii.u 
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SIV.frf. 
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s. 
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W. 
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M 

w. 
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s. 

w, 

\ \\ . 
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April. 



CV Hi u(l. (Tyr 



Wind. 



May. 
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June. 



Il,f„f (,>■ 



H.nrf. 



.Inly. 



(7>: 



iv™/ 



Aidant. 



c;> DM. 



SM'jhti'iot*r. 



ffgt 



ii.'„./. 



Oetater. 
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i.'.ji 



if,,,-/. 
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HTtHi 
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,,".;, II irf.,'. 



Records for 1859 — Continued. 
Bed-river landing. — Obaerrcr, Mb, Mwvh, Tomus. 
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M It li. 
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S 
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T 


ww 
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B 
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16 


.lii.l 
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10 
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IT 
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■. 


















1U 
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■M 
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s. 
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N. 


















23 
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21 
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SM 
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2s 
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Culm. 
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r^pk-mU'r. 



'. I- 
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Uncords for 1859 — Continued. 
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APTEXDIX B— DAILY GAUGE REGISTERS. 
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RETORT ON THE MISSISSIPPI KITE It. 



No. 2.— RECORDS OP DAILY STAND OF TKIJHTAUIKS AND ISAYOUS. 



Dlxer cat inns upon the OJilo river. 
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Observations iqwn the Ohio river — Continued. 



Obscrval ions on tbfl "f'miiil-timi-k" nl. Louisville, in I858-5!l. Comjitlcil from Tiik Louisvim.e rncRiKB, 
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Observations upon bayou Tensas at crossing of Vidalia and Itarrisoidturtj road. 
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REPOET ON THE MISSISSIPPI RIVEH. 



No. 3.— TIDAL O1WKUVAT10NS WITH SIMPLE G AUUK-UOl-S. 

These observations arc so numerous that a synopsis of the most important results is prefixed. 
It is presented in the following table, which exhibits the gauge-readings corresponding to the several 
headings: — 
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The detailed observations from which the above mean results arc derived will be found in the 
following pages. 
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Tidal Obsercatiom — Con t inued . 
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Tidal Observations — Continued . 
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No. .1,— TIDAL OBSERVATIONS WITH SELF-REGISTERING GAUGE. 

These observations are so numerous tliat a synopsis of the most important results is prefixed. 

It was ascertained, by corresponding observations on a tide-staff in the gulf, that there is a rise 
at the telegraph station, due to the river flood. T!ie surface at this station rose 0.5 of a foot, when 
the river at Carrollton rose from the gauge-mark of 3 feet to that of 10 feet. To correct the 
"mean of tide readings" in the next table for this oscillation, the following subtractions must be 
made. By applying them the mean level of the gulf will be found to read 1.0 foot on the telegraph* 
station gauge : — 



1859. y>--i- 

For May ft.7 

•' June 0,7 

- July 11.4 

" Atipust , ii.n 

" -rjiti-lllbtT M.I I 

«' Ociohi-r - 0.0 

" November. 0.0 

" Deciiinber ....AVI 



1BB0. Fret. 

I'd- January .0.4 

•' February 0.6 

" March 0.6 

" Ai-iil 0.4 

» May ." n.,>. 



The following table exhibits the mean results of the whole series of simultaneous observations at 
Carrollton and at the telegraph station at the mouth of the Southwest pass:— 
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The detailed observations, from which the above mean results are derived will be found in the 
following pages. 
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HE PORT ON THE MISSISSIPPI RIVER. 



TUhd Ohervat ions — Con t i u nod . 
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Tidal Observations — Continued. 
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Soundings in the Mississippi river — Continued. 
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Soundings in the Missmlppi river — Continued. 
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Sowndings in the Mississippi river — Continued. 
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Soundings in the Mississippi river — Continued. 



Secti.io So. 39, 


Section So. 27, 


S«tl.in So. 28. 


Section So. 29. 


Section So. 30. 


l>l-( III.'. Iteptll 




Ui-t imy 


Ik. |. ill 




DtatoocQ 


IM.tlt 




1)1 titmice 


|l, i ■ r r . 




1 

DbtkDCD lX'|it)l 




from | nt 




from 


nt 




Iruni 


lit 




from 


Ill 




from lit 




Ihus-IIm Ugh 


Ueimirkd. 


i-..- iin. 


li...ii 


Koiunrks, Ii:lw-Uih< 


hi«li 


KoioArkn. b;i-.-liri,. 


lli|{h 


Kctnnrka. 


bAqo-lLoDJ llit F l' 


Itemnrkfl. 


liii rflgtat 


witter. 




nil rigkl 
bunk. 

Ftet. 


• ,i,-i . 


an rijsht 


Wlltyr. 


OO .1-1," 


VUUT. 




i^hl wiLLrr, 




liAllk. 


l-.l 




1851. 




1 k. 


1861. 




bank. 


IMol. 




liiotk. 


1851. 




l\- 1. 




i:,:. 




&rt. 


Ret, 




net. 


IM. 




Fat. 


r-.t. 




II 


— i 







4 







4 







—1 







—l 




1 


b 




St 


4 




4o 


■1 




s 


3 




6 


3 




Wl 


7 




so 


20 




110 


27 




■,'iiS 


3 




SOS 


3 




118 


si 




125 


61 




106 


49 




336 


41 




366 


41 




ISO 


42 




iss 


06 




-: 1 1 


76 




415 


63 




MO 


71 




300 


iii 




SB 


91 




MO 


1)5 




635 


101 






99 




IMS 


74 




.-.;.. 


106 




460 


[fill 




725 


102 




7,.; 


113 




:»» 


93 




1030 


100 




-,-:, 


104 




942 


W 




S06 


1 01 




m 


&x 




1606 


83 




1300 


86 




1105 


KO 




11-25 


84 




61V) 


99 




1845 


76 




1670 


79 




1245 


77 




1322 


72 




600 


so 




301 


<c 




1710 


76 




15 15 


00 




1522 


72 




«40 


i"j 




son 


41 




HOi 


69 




1790 


|V5 




17S5 


05 




75o 


ioa 




aao 


4 




2075 


B3 




IBB 


62 




1995 


63 




mo i a 










Ml) 


iVi 




2u7S 


IW 




2906 


62 




MA Vri 










2.115 


4;: 




2147 


69 




2145 


69 




860 [■■•■. 










3J9Q 


4 




■2225 


89 




3832 


69 




11T..1 110 
















2525 


69 




2615 


69 




1175 1 1IU 
















2015 


69 




3WJ 


69 




14 2U 


hi 
















2670 


90 




-,,:,;; 


00 




I.-„i ' 


us 
















2799 


63 




27«5 


67 




i as 


i.'i 
















2825 


3D 




2850 


36 




mo 


86 
















3106 


u 




3165 







una 


(IS 




























am 


w 




























nao 


75 




























ISiW 


51 




























IMS ; 43 




























2800 M 




























2*20 S3 




























2906 


9 




























aocs 


25 




























8210 


90 




























33-5 


14 




























MU 


16 




























361(1 


? 




























aws 


7 




























AW 


il 




























Suctiuti So. 31. 


SttJtiuu So. 32. 


Suction No. 33. Section No. 34. 


Bis t ion No. 36. 


1, M S'uk 






l/fi t.ok 




Left li'nk 


1858. 




\t ll 1/iik 




1.. i! >-l,k 






i. 


ii 




II 










— ! 







—1 




11 


—1 




Jim 


63 




{30 


39 




44 


2 




5 


3 




HI 


3 




600 


.VI 




aai 


66 




44 


4 




20 


4 




8} 


4 




rae 


On 




413 


63 




72 


13 




125 


41 




2111 


41 




um 


c: 




562 


68 




102 


17 




2ns 


OS 




2 16 


04 




1190 


0* 




064 


71 




141 


29 




\-i ", 


81 




816 


74 




1(7" 


W 




7M 


76 




!!»', 


::•! 




389 


194 




455 


122 




I , . 


79 




925 


72 




227 


63 


i &sa 


113 




11 15 


119 




rn . 


n 




Hr72 


74 




J6S 


08 


Bluo day. 


70S 


1117 




840 


113 




2113 


n 




tlM 


74 




21*9 


7H 




loss 


hu 




1125 


H17 




2386 


81) 




1H6 


76 




DSfl 


69 




1312 


105 




13 15 


104 




3676 


m 




1600 


vi 




44-i 


71 




1683 


89 




wis 


95 




2805 


w 






ai 




471 


70 




1836 


so 




IS .5 


86 




an : 


H(7 


1 Si i.'i 


84 




fi*CI 


07 




1030 


HI 




2029 


83 




W>85 


KIT 




19S3 


92 




DOS 


n 




2' -55 


41 




211 i 


39 




.'tile 


£J'» 




siao 


101 




7)0 


07 




'2215 


3 




8SS0 


4 




...'M 


n 




- . 


IM 




9)4 


Tl 




2266 


a 




u; hi 


3 




3635 







2696 

37 4U 

a* is 
MJ80 


lot 

Sil 

37 





HH9 
1063 
11.10 
1390 
1480 
14K0 
1514 

1746 

17 -M 

1820 

i ■ . ., i 
gpg] 

som 

2220 
2281 
2361 
3306 
3380 

sua 

243-1 
24.'.s 

2469 

2481 
:;•<: 
2496 
2JSS 
2641 


70 
74 
84 
O'l 
92 
96 
94 

91 
92 
94 
8T 
85 
M 
81 
-1 
63 
i-,.-, 
13 

si 

21 
11 

u 

11 
4 
1 
I 

—2 


Ctay. 

Blna clay, 
u 


2270 


—l 




2305 


—1 





Ix.xxiv 



KM PORT ON THE MISSISSIPPI HI VEIL 



Soundings m the Mississippi river — Continued. 
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Soundings in the Mississippi river — Continued, 
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APPENDIX C.— CROSS-SECTIONS OF THE MISSISSIPPI. lxxxix 
Soundings m the Mississippi river — Continued. 
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No. 2.— SOUNDIXCS* IX TRIBUTARIES AXFi BAYOUS. 
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APPENDIX C — CROSS-SECTIONS OF BRANCHES. 
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Soundings in tributaries and bayou* — Continued. 
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Sound "inya in Iri/mfurie* and Utyous — Continued. 
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Soundings in tributaries and bayous — Continued. 
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Sound inys in tributaries and bayous — Continued. 
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APPENDIX C— CROSS-SECTIONS OF THE MISSISSIPPI. XCfe 

Computed dimensions of cross-sections of the Mississippi — Continued. 
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REPORT ON THE MISSISSIPPI RIVER, 



No. 4— COMPUTED DIMENSIONS OP CROSS-SECTIONS OF TRIBUTARIES AND BAYOUS. 
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APPENDIX C.— CROSS-SECTIONS OP BRANCHES. 
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Computed dimensions of cross-sections of tributaries and bayous — Continued. 
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diseliarge. 
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APPENDIX D. 



CURRENT-MEASURExMENTS UPON THE MISSISSIPPI AND ITS 

BRANCHES. 
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APPENDIX P. — CURttENT-MEASUItEMEXTS ON MISSISSIPPI. cii 



On rrent-meamrcmcnts at Ckrroliion — Continued . 







No. 2,— CETRRENT-MEASUREMEXTS AT TEMPORARY STATIONS. 
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a. Mean of floats (nil in divisions 11, ttr, rv, v) is 8.50a feci. Mean in same places on February i~> is SM 17 feet, 

i>. Jlean of floais (all in divisions 1, iv, vi, vn, xi) is 2.J126 feet. Mean in same places (corrected for wind) on March 1C is 2.808 feet. 
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Current-measurements at Columbus — Continued. 
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REPORT ON THE MISSISSIPPI RIVER. 
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APPENDIX E. 



DAILY DISCHARGE AT VELOCITY STATIONS. 



No. 1.— DAILY DISCHARGE PER SECOND, IN CUBIC FEET, OF THE MISSISSIPPI RIVER AT 

CABBOLLTON. 



!>,iy uf 

tnulltli. 



1 

2 
3 
4 
5 
(J 
7 
8 
9 
in 

n 

12 
13 

1 1 

18 

te 

17 
18 
111 
2*1 
21 

-t-t 

23 
2t 
25 

IV. 

27 
28 

23 

..I 

31 



Fh-luivirv. 
Iv.l. 



Slurrli, I April, 

UR. Ivil. 



Mnv. 



lSill. ( ISM. 



tSU. bw, US1, 



(ktnl'jpr. 






155.000 185.000 255.000' 315,000 

1 
2 1 II, 185 i 275, 000 250, 55 1 1 3 2 5,000 

809,510 865,000 521, 458 240,000 265,000 250,000 '320,00a 



I..t, 1851 



.TulMlury 
1S5J, 



1,012,508 1,115,000 985,000 740, 000 1790,000,8 50. coo 548,788 

1,010,301 1, 117,771 985,000 ;:ls.::fj s i:,, ( 11 >.:,;-,'.>i.T ;-,;.■.. 

Lot'.'. 'MO 1,107,344 975,000 780,51 1 

1,042,127 1,105,000 960, 000, 720, 091>! 8 15,000 865,000 5 30,000 .'24 5,585 -58,.s:t(l 150. ooo ti 5,000 

I ! I I I 1 ' ( f 

1,060,388 i.joj.ooojDSS, 112 719,603 813,847 868,610 518,963 345,000 155,000 155,000: 310,000 

1,048,00!) 1,105,00a .in ooo rin. -j ['.1 455, 000*55, 00a 505,000245,000 265,000 265,000' 307, 99J 

1,060,000 1,105,000 907,«92 702,629 850,00a 834.958 405,000 2S1, 662 205,693 27;,oooVo.ooo 

I 1 1 ™ \ y 

1,003.404 i, 100, ooo 800,000 710,000 860,000 820,000 48l> lfiit'srt.ooo icil.ooo iSs.ooo H (.000 

I I i ! I I I ! i I 

1,075,003 1,'*'. t.",,ii| I ss;},',rjfl 727,217 860,000 804,060 480,000 254,008 160,000' ayo.ooo 335,000 

'.,. I I i 

3 j0,000 

380,000 
440,000 



:,iir,.r,'js 
515,000 
634,777 
583,715 
630,000 
g 10,769 
700,4'*; 
819,688 
870,000 
894,491 
909,9*1 
989,638 
955.000 
',■1'.- 



1,1177,11'' 1,063,701 875,000 729,570 856,448 700,000 481,430 



1,097,901 



1,047,091 860,000 749,973 



1,078,278 1,048,345 840,468 701,100 

1,094,402 1,055,000 839,571 775,022 

1,110,084 1,063,000 815,000 785,000 

I 
I . I vl I .'.'"■ "■ 1,070,000 790,729 790,000 

1 
1,145,000 1,071,857 774,584 782,8(15 

1,1 vj 5 1 1 1,065,000 708,718 764,709 

1,150,000 1,050,24)0 750,003 770,000 



860,000 769,0481438,887 

865,000*740, ooa!407, 511 



865,000 71 ii,2 II 
$65,000 695,000 



S6-j,c - - 
IS4, 151 
855,000 



609,388 
655,000 
640,000 



855,057 625,000 



440, 000 

+15,000 

41 ■ 

410,000 

101,398 

382,792 



270,000 200,721 293,490 



281,a07 

270,000 
354,147 



170,000 295,000 
285,000 295,000 
285,000 195,000 
253,01 1 1185,000 295.000 

J"-;. '.mi I 275,025 190,000 

I 
2 55, 000 ^6 5, 000 190,000 

251,080 255,000 185,000 

l6o,ooo[2 11,199' 280,000 



475,000 
518,071 

530,000 
535,000 
530,000 
515,000 



1, 1.50,08a 1,040,000 735,000 785,000 860,000 818,090 371,898 275,000 145,000 27 .'1, 1311 490,000 

J ' , I !- ■■-! 

1,149,898 1,040,003 7l(*,911 7114,11011 865,000 



1,139,091 1, 1 .-.:.: j 7011,542 755,000 870,000 

I 
1,122,174 1,028,820 600,000 790,000 875,000 

I 

1,130,000 1,030,000 682,992 7-;, 000 880,000 



1,129,803 

;. ©8,804 1,015.0.00 665, ooo 1 ?-:. I, jus 

I 
1,100,000 1,025,000 000,188 7 ' » 7 , 1 "2 7 

1,110,000 1,015,00c 052,885 778,810 



1,025,000 675,000 703, 2118 '8 So, 000 

875,000 

808,854 

J 



860,000 



02(1,409 155,000 27 5,21 7; 24 1,1 sn 
610,000 350,000 256,422 240,000 
606,168 341,629 160,000 235,000 
605,000 325,000 20! 1,7 13 135,000 

600,000 301,371 175,000 220, ooo]3l(2,181 '435,000 

I I 

572,388 295,000. 275,80'.t 225,000 310,000 415,000 

575,000 290,000 280,000 228,042 315,000 400,000 



270,000' 480,000 
275,000 482,392 
285,000 465,000 
295,000 455,000 



13 1,086 180,000 275,000 



240,000 315,000 380,000 



850,000 570,000 175,000 170,000 150,0001330,000 



841.245 



164,238 270,000 175.000 155.000 335,000 335.000 



356,049 



1,113,183 1,015.000 078,378 775,000 

1 .- I 
1, 11 0.00 v 1,0 iQ, ■■ 1 0,1241 775,000 

,,ii .,,.;....- I, 790,000 84;. coo 565.000 2lto,21 I IN 2,000 255,000 335,000315,000 



1.11- ; 



730,000 



845.000 555,000 



185,000 



380,08" 310,000 

(I'XV 1 



Kflirniiiy, 

ISM, 



295,000 

380.000 

175,000 
I75.OOO 

280,30.) 
195,000 
300,000 
305,000 
335,000 
360,000 
330,000 
355,000 
365,000 
100,288 
425.000 
455,000 
485,000 
621,801 



CXV1 



HEPORT ON THE MISSISSIPPI 1UVEU. 



No. 2.— DAILY PI SOU A RGB PEE SECOND, IN CUTilC FEET, OP THE MISSISSIPPI 1UVEB AT 

COLUMBUS. 



Ittuulli. 


»Hstmb«r, 

18BT. 


.Tnnus.ry, 
186& 


ur.v, ls'i fc . 


1SM. 


A).ri|, 

vm. 


Mn T , 
ISAS, 


i 1 

l-'.v 


July, 
IMS. 


l-.'.V 




llrti.l^r, 

tm. 


SnTrmlKSr, 

]fcM. 


1 


250.000 


610,000 


53COOO 


435,000 


1,053,670 


1, 050,000 


J, 143,31 II) 


841,220 


560,000 


280,000 


1711,840 


190,000 


•■} 


135,000 


640,000 


510,000 


465,000 


989,850 


980,000 1,160,720 74X1,420 


581,560 


279,740 


101,780 


115,000 


a 


32.0,000 


680,000 


;,ih;,T::ii 


495.OOO 


010,7811 


890,000 1,1i , ,ii. , .i7h 671*280 


518,780 


270,000 


160,1 .• 


2;::.,wio 


4 


: ; i, ■:•:■■:■ 


715,000 


47 y' - 


526,830 


S55.000 


808,249 1,175,000640,000 


192,590 


2.77,11m 


188,860 


285,280 


6 


250,000 


760,000 


481,620 


568,800 


777.il In 


786,650 1,185,000 818,740 


470,880 


246,000 


155,000 


854,400 





270,000 S 10,000 ,171, 1 5fl 


565,000 


7i.i!'.i;i ■ 


778,082 ,1,195.000 


603,810 


179,270 


235,030 


119,070 


420, 000 


7 


1 
300,000 835,000 475,000 


565,000 


828,070 


770,*i5<n,2( lil,I7ll 


,-,f ;*,.-,< 111 


480,110 


228,200 


147,000 


440,000 


8 


350,000 830,000 


178,550 


550,000 


585,000 


789,570 $,221,080 


588,820 


490,000 


220,960 


146,480 


441,900 





400,000 


S 00,000 


475,000 


688,590 


567,810 


Soo,ooo [,241,220 


J '.nt, 7:i0 


495,810 


319,880 


1 16,080 


433,700 


10 


500,000 


745,000 


+70,000 


&2&.410 


565,000 


810,000! 1,155,000 


490, 000 


496,701.) 


222,400 


143,000 


420,230 


It 


891,(530 


720,000 


100,770 


sao.oflo 


570,000 


889,824 1.270,000 485,000 


466,220 


311,650 


1 10,820 


417,370 


12 


810,110 


670,110 


450,000 


545,000 


595,000 


655,320 1,280,900 477,840 


479,7411 


i 10,000 


144,870 


399,800 


18 


895,000 


G56,000 438,000 


552,030 


625,000 


939,080 


1,300,000 


404,4011 


168,060 


210,590 


|:;j,47<» 


390,000 


14 


005,380 


111 II 1,1 10 : 425,000 


565,000 


082,180 


1, ,nii> 1,818,800 


465,810 


407,500 


247,300 


13H,7!0 


380,000 


IS 


1,001,480 


59O,00O 420,000 


575,000 


799,640 


t ,030.000 j 1,849,469 


460,180 


450,000 


265,980 


182,680 


370,000 


ie 


1,137,600 


58.1,180 


430,000 


688,800 


iu .!. 


1,030,000 1,387,84K 


148,080 


182,480 


206,280 


128,070 


368,250 


17 


1,1 70, COO 


590,000 


450,000 


590,000 


:>■-■•■ 


1,010, 9001,402,520 


424,630 


410,530 


255j 570 


130,000 


345,000 


18 


1,190,000 


616,730 inn,.",!-.". 


000,000 


950,000 


1,007,7001,408,400 


425,000 


301,310 


253,780 


130,000 


330,000 


10 


1,190,000 


nao.tkd 460,000 


650,000 


1,000,000 


i,iKiri,iMiu 1,800,680 


148,280 


386,380 


150,000 


188,710 


325,000 


20 


1,180,000 


11011,-IH) 


■l,V,,1M.t 


740,000 


l,li:ln,77l» 


990,000 1,398,000 


492,720 


383,200 


249,240 


1 ;;.-..: 


320,000 


^1 


1 , 1 60,000 


660,000 


450,000 


870,000 


1,088,620 


982,310 1,395,000 


520,840 


868,980 


238,150 


180,989 


310,000 


22 


1 , 1 10, 000 


635,000 


438,000 


081,070 


1,120,1 (SO 


985,000' t,3M,owi) 


588,860 


365,000 


im:s,1 to 


184,250 


300, 000 


23 


1,075,000 


1102,080 


128,660 


1,058,880 


1,210.000 


1,010,000 1,360,000 


i,i j, ....... _■ 


363,660 


282,690 


182,400 


185,000 


21 


1,005,000 


580,000 


Km, sun 


i.i.'lS. |Q 1 


1,200,920 


1,045.000 1,330,000 039,010 


889,670 


214,190 


131,000 


175,000 


26 


910,000 


560,000 


800,230 


1,105,990 1,265,000 


1,077,5001 286,129 66o,< ..- 382,620 


■jho.imhi 


182,250 


160,000 


2li 


810,000 


SS7 t 7<XJ 


::!'tr..5ivi 


1,120,800 


1,260,000 


1,114,000 1,258,540 


664.900 300,220 


194,000 


134,000 


245,000 


27 


720,000 


515,830 


400,000 


1,130,000 


1,286,600 


1,183,800 1.210,000 


606,480 


294,380 


184,740 


135,000 


130,000 


ss 


650,000 


503,000 


415,000 


I, IZO.OOO 


1,110.000 


1,137 1 --j 1,156,961) 


604,310 


185,000 


jSj.ojo 


1 |i..;:;n 


125,000 


2') 


6c 3, 000 


506,760 




1,104, 


1.170,000 


■■ 


661,530 


175,000 


I81,i».0 


1 ■,!,.-,.:< i 


115.000 


30 


580,000 


680,960 




J ,-jlJ j.'-. 


1,118,880 


1,140,000 


097,2111.) 


1513,7.80 


267,700 


174,070 


143,710 


200,000 


31 


580,000 


535,000 




1,075,000 




1, 142,000 




688,580 178,000 




170,000 





APPENDIX E.— DISCHARGE AT VELOCITY STATIONS. 



cxvn 



No. 3.— DAILY DISCHARGE PER SECOND, IN CUBIC FEET, OF THE MISSISSIPPI RIVER AT 

VICKSBCRG* OR NATCHEZ. 



11 \y at 
lunulh. 


.l.iim.iri', 
IHftg, 


l',.-i.Tll- 

nry, IKS*. 


IdftroH, 


Aj.rii, 
18£8. 


1883. 


,111110, 


July, 
L85& 


An 11 I, 
1NSS, 


S |i[, ru- 
ber, l&BS, 


[)t:inlnM\ 


XllTHBl- 

tor, Idas. 


Ver, IK.Vv 


i 




!•'.'■>, -J "id 


705,000 


1,128,800 


1,150,1 


1,231,701) 


1,215,950 


1,140,000 


.-01,0211 


348,100 


134,000 


367,230 


o 




895,000 


705,000 


!, 1:10,700 


1,161,000 


1, 240,68,0 


1,219,450 


1,130,800 


533,830 


340,000 


235,000 


302,000 


3 


870,005 890,000 


700,000 


1, 1 ■'.'.. 11..., 


1,102,450 


1,232,8011 


1,218,000 


1,1)7,000 


528,240 


330,000 


236,000 


348,120 


■1 


S6;,coo $80,850 


est, 080 


1,142,000 


[,164,900 


l,24l), 000 


i,uS,ooo 


1,104,500 


520,400 


32.'[.(HI0 


137,000 


312,490 


5 


860,006 864, 1 


688,200 


[,144,800 


1,107,200 


1,241,900 


1,115,000 


1,098,000 


511,000 


820,W 


243,080 


330,000 


U 


Sjj.OOw 


841,§60 


670,650 


1,1-18,800 


1,178,000 


1,240,000 


1,212,100 


1,08(5,400 


501,700 


308,080 


277,710 


327,200 


7 


850,000 


833,000 


680,000 


i.i BB,6W 


1,174,000 


l.2:'.8.!ii«i 


1,211,000 


1,000,800 


490,000 


207,200 


3 1 0, 000 


330,000 


6 


B44,8M 


82(1,210 


718, W 


1,140,000 


1,181,150 


1,22(1,800 


[,220,400 


1,050,000 


470,000 


2!.KI,30() 


858,880 


83S.500 


B 


o..-.;.i; 


Hn'.l.tlO 


728,100 


1,1-12,800 


1,150,000 


1,214,400 


1,221,200 


1,020,40(1 


152,450 


289,300 


401,570 


350,380 


10 


SiS.ooo ■■802,75V 


748,200 


1,189,100 


1,190,800 


[,220,800 


1,225,900 


1,010,000 


442,7-10 


180,000 


474,150 


309,920 


11 


925,91* 788,880 


783,810 


1,145,000 


1,208,800 


1,135,000 


1,223,000 


092,730 


435,740 


275,000 


51(1,800 


430, 000 


12 


B39,79Q 792,000 


rro.sio 


1,152,460 


1,200,250 


1.228,700 


1,220,000 


982,000 


415,000 


200, USD 


565,000 


470,000 


a 


870,170 704,880 


787,600 


1,154,000 


1,210, 1530 


1,222,000 


1,218,200 


960,780 


412,300 


200,320 


503,830 


617,020 


ii 


900,000 -91,000 


£00,000 


1,151,100 


1,203,800 


l,215,5iH) 


t ,221,250 


935,000 


105,2! (0 


250,810 


600,000 


585,000 


16 


330,000 "S 3,000 


808,400 


1,148,800 


1,217,660 


1,2 1 !i,20ii 


1,220,200 


•910,000 


:;.-;. :!'.m 


203,330 


595.000 


045,110 


if; 


1)31,000 771,090 


815,000 


1,137,600 


1,120,000 


1,211,000 


l,22ii,7(»0 


000.310 


:;-2,l::n 


250,030 


585,630 




17 


918,000 703,480 


B44.190 


1,128,800 


1,222,800 


1,217,801) 


1,220,100 


903,070 


382,71)0 


151,000 


555,780 




19 


915^180 758,880 


849,070 


1,110,000 


1,224,000 


1,222,100 


1,215,000 


882,0110 


881,810 


150,000 


540, 000 




19 


008,000 753,690 


889,780 


1,105,000 


1,230,000 


1,217.800 


t, 110, 000 


873,310 


380,000 


248,000 


528,150 




20 


in 11 ),7o» 7H >, ■■>:■< > 


MI.:,Tii 


1,103,100 


1,221,00(1 


1,116,000 


1,218,200 


800,1 5(1 


385.200 


245,000 


52(1,500 




-1 


$88,670 




870.000 


l,UOO,10n 


l,222,5iiti 


[,281,000 


1,215,0(111 


832,150 


305,030 


143,000 


505,000 




22 


877,181) 




910, 000 


1,110,800 


1,282,250 


l,2:;fc,i:>o 


1,2 17, -'-'Ki 


812,000 


407,440 


240,000 


495,000 




23 


888,670 




647,480 


1,123,100 


1,234,000 


[,288,000 


1,210,200 


701,11)1) 414,250 


238,000 


!K:l,5i;i) 




■21 


S 69,000 


734,33*1 


000, SHU 


1,180,000 


1,235,200 


i,-M,".ii'i 


1-188,600 


788,400 407,9*0 


{35,000 


157,100 




25 


877,000 


781,800 


690,000 


1,140,000 


1, 234, 000 ' 1,24 1,800 


1,180,000 


748,190 898,740 


233,320 


410,540 




38 


■ - , ■ 


■ 


I,iil7.1xi) 


1,143,500 


1,227,2011 1,230,000 


1,100,500 


714,000 390,000 


235,810 


122,100 




27 


£79,000 


710,880 


1,043,100 


1, 115, OIK) 


1,227,200 1,120,000 


[,168,400 


700,000 385,100 


235,000 


417,000 




gg 


87.*i.23«» 


710,000 


1,070,000 


!,H0,S0n 


1,23*'., 150 1,200, 150 


1.158, UK) 


(571,880 


380,000 


135.000 


410,000 




29 


670.M) 




1,000,81 K> 


1,110,800 


1,232,700 1,2117.1-511 


1,151800 


640,000 


370,000 


134.000 


400,000 




;.. 


S7 1,111 "1 




|,1 I [SO 


[,142,000 


1,130,000 1,208,800 


1,148,31X1 


610,000 


.H',0,- Mil 


134,000 


887,020 




SI 


8S;,coo 




1,121,50)0 




1,^30,000 


1,147,100 


675,380 




133,000 







♦Prior to February 21 dies* 1 nieiistireiiienis were Eiaile. nt Natchez. Sulisemietitly to tliat date, lUey "were made at 
Pltksburfr. 



OX VI 11 



REPORT ON THE MISSISSIPPI RIVER. 



No. 4.— DAILY DISCHARGE PER SECOND, IN CUBIU FEET, OP THE ARKANSAS RIVER AT 

NAPOLKDN. 



D,iy of 

IJLirllO*. 


!'.■!■. J 1 

18«. 


Jjijiiuiry, 


ISM. 


IMS, 


April, 


^l 11 


,ll[<K. 

1SSS. 


,r„iv, 

■ 

67,000 


August, 
OBS. 


S.|iti'lll- 
Iw, I8S& 


0. 1 iIkt, 
1SS8, 


bw, 1«iS. 


bur, ltiiSS. 


1 




88,687 


51.000 


39,000 


77,000 


63,000 


05,000 


72,816 


<• ; 


4,430 


2,848 


4,000 


^ 




5 1 1 0O ° 


52,000 


38,000 


78,000 


68,000 


70,000 


68,000 


59,837 


0,317 


4,184 


2,333 


4,000 


3 




48,000 


51,000 


38,000 


79,000 


63,000 


00,000 


69,000 


.v., ism 


6,000 


5,133 


2.:;:::: 


5,000 


■1 




46 000 


5 1 . OOO 


38,000 


- ■) .... - 


64,000 


78,000 


70,000 


51,000 


6,238 


3,884 


2,318 


6,000 


6 




45,000 


50 OOO 


38,000 


So.OOO 


64,000 


78, 1 


71,000 


46,664 


0,212 


3,771 


2,894 


8,000 


6 




46,221 


49,000 


88,698 


80 OOO 


n:,,inM.) 


71,H00 


72,000 


41,000 


6,160 


4,021 


2,774 


9,000 


7 




45,000 


48,00.5 


41,000 


80,000 


67,000 


71,000 


74,000 


36,000 


6,826 


8,766 


4,000 




8 




46,000 


4^,000 


44,000 


So.OOO 


mi.mm 


78,000 


76,000 


83,644 


5,500 


1,500 


5,000 




9 




46.000 


47,000 


48,030 


- 7 . ... : 


67,000 


76,000 


78,000 88,480 


5.500 


3.500 


6,000 




10 


33,000 


47.000 


46,000 


64,687 


78,000 


08,(100 


73,000 


79,00a 31,000 


6,408 


3,500 


7, OOO 




n 


36,000 


48.000 


45,000 


56,000 


77,000 


68,000 


75,000 


B :■ , . X 


29,312 


6,128 


3,500 


8,078 




12 


39,000 


49,000 


44. 000 


57,000 


76,000 


68,000 


74,000 


80,000 


28, oe j 


6,078 


3,500 


'..,!'■;;, 




11 


43,000 


51,000 


43,000 


58. 000 


74, 


DO, 


73,000 


61, 


27,000 


4,701 


3.500 


14,040 




It 


46,000 


54,000 


43,000 


68,189 


73,000 


63,000 


72, 


77,000 


26,772 


4,500 


3,412 


12,333 




15 


48,000 


66,917 


42,000 


58.000 


71,1174 


66,000 


72,0()'i 


B6, 


26,000 


l.-:r.7 


::.!.-:: 


13,000 




Hi 


; 0,000 


67,843 


■J ' ■ ' 


58,000 


07,21'.) 


67,000 


73,000 


BO.000 


26,121 


4,307 


3,270 


14,000 




17 


53,000 


69,478 


41,000 


58,000 


86,259 


68,000 


74.000 


88,00(1 


24,688 


4,867 


3,210 


1 4, OOO 




18 


55,000 


66,079 


4 '/-' ■ 


58,616 


64, 000 


69,000 


74.000 


81,000 


24,497 


4,044 


3,210 


13,000 




Hi 


57,000 


64,688 


40, 000 


59,000 


1.4. 


70,080 


74,000 


81,000 


24,000 


4,602 


3,102 


12,666 




2(1 


59,000 


52,771 


-1 ■'• " : 


60,000 


63,000 


71, 


Ta.noii 


(VI... 


28,006 


4,754 


8,988 


11,660 




21 


60,000 


<->i,42i 


40,000 


02,328 


63,000 


71,000 


71,000 


B1.280 


21,402 


4,732 


2,1*3:! 


11,007 




22 


62,000 


60,208 


41,000 


64.000 


64,000 


72,000 


- .... j 


80,000 


10,480 


4,5*27 


2,915 


0,150 




23 


63,000 


49,<k : 


42,000 


66,000 


64,000 


78,000 


69.000 


79,000 


14,000 


4,927 


3,000 


8,128 




21 


64,000 


49,000 


41.000 


67,000 


65,000 


72,000 


68, 000 


77,000 


i 3,000 


5,117 


2,805 


7, (09 




25 


65,0c 3 


49,671 


(2,180 


69,000 


66,000 


73,000 


<.;■>.. . . 


75,000 


12,000 


6,088 


2,753 


(5,1172 




20 


65,000 


51,027 


41,840 


70,000 


66, 


73,000 


67,000 


74,297 


11,000 


6,098 


1,500 


6,040 




27 


66,O0O 


51,032 


40,000 


71,000 


oo.noo 


78,000 


67,000 


78,786 


10,000 


5,198 


1,500 


4,480 




28 


66, 000 


5i,c--)..j 


39.000 


72,000 


66,000 


72,000 


67.000 


74,000 


9.000 


4,887 


2,598 


3,058 




23 


66^193 


52,000 




74,000 


65,0^0 




*>-, 


74,000 


8.2S 1 


4,500 


8,648 


0,545 




::ii 


64,000 


il.o ■ 




75,000 


64,000 


69,000 


67,000 


73,000 


7,661 


4,500 


2,514 


8,»79 




(11 


fii.ooo 


53.000 




76,000 




66 




-;•■■■ 






2,3 18 







APPENDIX E.— DISCHARGE AT VELOCITY STATION'S 



CX1X 



No, 5.— DAILY DISCHARGE FEB SECOND, IN CUBIC FEET, OF TIIK YAZOO RIVER AT MOUTH. 



Day of 

limnTli. 


DQOUnbBTj l k ">7, 


.1 an 11.11 y, IS68. 


Fobnwrr, ISS*. 


Mnrcli, tftiiS. 


April ISM, 


Mi--, 1 -.'.■■. 


Jnna, lass. 


Jnlj, 1SS9. 


1 


32,000 


44,000 


49,000 


42,000 


64,000 


S8,ooo 


114,000 


131,000 


2 


'33.000 


43,000 


48,000 


42,000 


65,000 


90,000 


115,000 


131,000 


3 


32,000 


45.000 


48,000 


42,000 


66,000 


91, coo 


115. 000 


J 33,000 


4 


39,000 


46. coo 


48.000 


42, 000 


67,000 


92,828 


1 1 6,000 


132,000 


s 


32,000 


46,000 


48,000 


42,000 


68,000 


94,000 


1 17,000 


1 32, 000 


6 


32,000 


47,000 


48,000 


42,000 


69.OOO 


95,000 


117,000 


133,000 


7 


32,O0O 


47,000 


47,000 


42 000 


69,000 


96,000 


1 iU.cco 


133,000 


8 


33.000 


47,000 


47,000 


43,000 


70,000 


97,000 


1 r8,ooo 


133,380 





33.000 


48,000 


47,000 


43,000 


70,000 


98,000 


1 19,000 


134,000 


in 


33.000 


4S.0OO 


47,000 


43,000 


71,000 


99,000 


119,000 


1 34,000 


11 


34,000 


48,000 


46,000 


43,000 


71,000 


100,000 


m,4oo 


135,000 


12 


3 4,-20 3 


49,000 


46,000 


43,000 


71,000 


100,360 


120,000 


135,000 


13 


35,000 


49,000 


46,000 


44,000 


72,0OO 


1 01 , 000 


m, 000 


135,000 


11 


35,000 


49, 000 


45.000 


44,000 


71,000 


102,000 


121,000 


136,000 


15 


36,000 


49,000 


45,000 


44,000 


73,OO0 


103,000 


121,000 


136,000 


it; 


36,000 


49,000 


45,000 


44,000 


73,0O0 


103,000 


113,000 


137,000 


17 


37,000 


49.000 


44,00a 


45,000 


74,000 


104,000 


123,000 


137,000 


18 


37,000 


50.000 


44,000 


45,000 


75,000 


105,000 


1 24, 000 


1 37,000 


18 


38,003 


50,000 


13,G2S 


45,000 


75,000 


106,000 


125,000 


1 38,000 


■in 


38,000 


j 0,000 


43,000 


46,000 


76,000 


106,000 


125,000 


1 38,000 


21 


39,000 


50,000 


43,000 


411,000 


77.0OO 


107,000 


126,000 


138,000 


22 


39,000 


50,000 


43,000 


47,000 


78,000 


108,000 


116,000 


139,000 


23 


40,000 


50,000 


43,000 


48,000 


79,0OO 


108,000 


127,000 


1 39,000 


21 


40,000 


50,000 


43,000 


49,000 


So.OOO 


109,000 


127,000 


131), 2 111 


25 


41,000 


50,000 


43,000 


50,000 


81,000 


110,000 


I2S.OOO 




lie 


41,000 


50,000 


43,000 


52,000 


82,000 


no, 000 


128,000 




27 


42,000 


50,000 


43,000 


54,000 


83,000 


111,000 


119,000 




28 


42,000 


49,000 


43,000 


56,000 


84,000 


1 12,000 


Iig.OOO 




2d 


43.OOO 


49,000 




58,000 


86,000 


1 12,000 


I JO.OOO 




80 


43,000 


49,000 




60,000 


87,000 


1 13,000 


130,000 




31 


44,000 


49,000 




6 1, 000 




113,000 







APPENDIX F. 



SECTIONS OF MISSISSIPPI SWAMP LANDS. 



No. 1,— SECTIONS OF ST. FRANCIS BOTTOM. LANDS. 



Cniro anil Knjforj Hiilrdidl, 


.Vflit.iry road, Sfami 


'i:- ' ■ Si 


Fniocfo ricer. 


Sfempblfl iinii Utile Hock nulroiid. 




Dfrtitoee 


Rood at WJfl. 




I>i." Ni Ho- 


Rood of wjs. 




in -i laoa 


t'lipod fpf — 


rjivpiiuti 




1 1 run ml 


Ground 




Lucii)lt.y. 


from rln- 


below 

ii. w.wv- 


Il.'lith 

ppf 
ot-er- 
(tpPW. 


l^pprtlitj. 


rn -in tin, 
M'1-.-l- 


Ipp'IoW ■ . 


LocnlU;*/. 


fmpii (lit- 
11 i 


111 ill ,w 
tl.W.llPV- 


Depth 

of 
ow- 

Hub-. 




-ij.j.iU. 


.-1 :it the 
Mini.. It. 
i:-2.' tot 




Bi|i]>Ul, 


,,i ,.< Hi.' 

MlNI.lt. 

CJV! li-.l 


► H-lT- 

Aotr. , 




»l|.|>l It. 


I't ill I lu- 
ll,-- 11 
(221 tot 






:lI» ^Tllf-I 








Al. .Hi!., 








Kb golt) 

r,-.i. 


ffat 




n,t 


JM 


*Vrt. 




MX**, 


2W 


F,;t. 




Fe,t. 







ao 


2. pi 




ip 


0.0 


,i ,i 


1 )\i\r nil'' Mem (ill in........ 


ii 


6.0 


5.0 




5,000 


j ii 


;i.n 


I 


M 


2.H 


8,000 


r.o 


2.0 




10,1 UK) 


5.0 


.'p.ip 




2 


5.(1 


li.ll 




1(1,000 


8.0 


ii.O 




16,000 


0.0 


i'i.ii 




a 


ii." 


ii.ii 




l„,nmi 


&j) 


(1.0 




201,000 
aywo 


*2.0 

2.0 


2.pp 
24) 


.Vnillo ijou_....... 


4 
6 


".ii 


0.0 

11,11 




1 X,000 






heave Jioik of Mi~~i*. 




■10,000 
35,1100 


2.11 
3.0 


2.0 

3.« 




; 


0.0 

IUI 


nil 
".ii 




20,000 

2i,IKIO 


2.0 
3.0 


0,0 
1.0 






4",LMH1 


5,11 


5* 




B 


11.11 


li.ll 




30,000 


4.6 


2.0 




48,000 


2.0 


&e 




9 





ii.ii 




34,000 


tU 


2.0 




60,000 


— ;;.» 


u.o 




10 


II.II 


0.0 




411,1 « m 


3.0 


0.0 




65,(100 


— a.o 


(1.0 




11 


11,11 


II.II 




45,000 


T,0 


3.6 


MuUIh w'h pmlrfo***.*..*. 


00,000 


— 1.0 


0,0 




12 


II.II 


11,11 


lO-niilebii.You 


4S.HMI 








55,000 


— 3.t> 


0.0 ' 




13 





11,11 




, r lll L IHHI 


5.11 


11,0 




70,000 


— 2.0 


0,0 




14 


0.0 


II.II 




.Vp.mHi 


9.0 


1.0 




76,000 


1.0 


0.0 




IS 


II.II 


11,11 




00,1100 


Hi) 


(1,0 




80,000 


1 ii.ii 


J.II 


Loaf? bank of olil lake 


HI 


II.II 


II.II 




i. ,ii.i 


0.0 


1.0 




sijOou 


li.ii 


4. IP 




ir 


1 '1 


1.,-, 




7lP,iNHl 


13.0 


0.0 




110,000 


14.0 


4.0 




i- 


u 


4.11 




;,i,i»") 


13.11 


3.0 




96J0O0 


13.0 


3.n 




10 


111.5 


4.5 




iii.m' 


2ii.il 


KM) 


Lake Sl.Jalius 


JMI.'HIII 

105,000 


14.0 
19,0 


2.0 

l.n 




2li 
21 


12.11 
13.0 


5.0 




81,000 


13.0 


3,0 






llll.HN.1 


— &0 


l).0 




32 


IIS 


4 11 




ipn.lNBP 


1 : - 


3.6 




! 1 ■ 


ip.u 


11.41 




23 


l;:.n 


,'i.ll 




^1'i.lriHI 


11JJ 


2.,'. 




s.o 


ftfl 




24 


130 


1,5 




100,000 


15.0 


5.0 




li'.,imii 


12 1. 


II.II 


ltlMktli.lil.iki 


26 


14.ii 


V.n 




111.',, 


10.0 


li.ll 




130,000 


IJ.ll 


11,(1 




20 


ll.ii 


11.11 




1 IH.IHH1 


17., 


7.5 




136,000 


r,.n 


1..I 




87 


14.ii 


2.0 




lir,,i npii 


IN.,'. 


B^ 




1 4il.l III 


1.-, ii 


1.0 




2* 


i;,n 


,-„ll 




130(000 


111.5 


'.'.■'■ 




1*5,000 


11 1.0 


24 


Sboll-lako bnyiiu 


■ 


n.ip 


2,;, 




1 2,'.,l BKI 


22.0 


13.0 




160,000 


1M.0 


2.0 1 


go 


13.5 


2.:'. 




130,000 


10.11 


0,0 




16H.000 


K-.o 


■J ii 




01 


1.1,5 


2,.-. 




135^000 


10,0 


11,0 


C oritur rirur 


lon.ooo 


10.0 


2.il 


tkPTtn'n-laka liuyou..... 


n 


12.5 


2.H 




llii.iam 


1«JI 


0.6 




1 11 


11, PI 


II.II 




33 


ItJO 


1.0 




145,000 


l„.l 


6.0 




170,000 


14.11 


li.ll 




34 


12.0 


3.0 




r. 'I 


15.11 


5.0 




17.'i,'"H" 


17.0 


0.0 




35 


lu.5 


2,o 


I; 1 .. ).l- !■ l-.i>. ■•: 


165,000 


15.li 


.'i.li 




180,000 


1«U0 


II.II 




H 


0,0 


1.5 




IIJI.IHKI 


17.0 


7.0 




)!t.-,,l<l«) 


10.0 


",'l 




37 


8.0 


ii.ii 




1 ,■..-,,. Bill 


20.11 


lii.ii 




1 I'll." II I 


17.0 


mi 




38 


■.'i 


li.ll 




171 1,1 Hill 


'Jp..', 


In, - 




lU6,om> 


]•>.<! 


ii.ii 




30 


l2.il 


t.'i 




175,000 


26,0 


15.5 




21X1,000 


lii.ii 


ii.ii 


Foot of Crowley'* ridge 


30.5 


0,0 


li.i) 




IHI.HBI 


21 , 


11,0 




205,000 


SQ.0 


0.11 












h, : ,,lMMI 


10.6 






aio,<ioii 


2l.ll 


ip.ii 












100,000 


3l.ll 


'.'.- 




■ 1 ,(100 


ao.o 


lt.0 












1.I...IPHI 


17.0 


7.0 




220,000 


21.0 


0.11 










Snake |»nil 


108,000 








■ 


240 


OJI 












200,1 II HI 


IMS 


H.O 




230,000 


2ip.o 


0.0 












203,700 


11.5 


in 




236,000 


-.•I." 


1I..P 










foot of Growls j*< rliljp. 


200,000 


0.0 


0.0 




- 1. n oo 


140 


III! 




















248,000 


o,o 


II.II 




















250,000 


— SWI 


IP.II 




















256,000 


—40.0 


II.IP 


















UlovinJlcJil rlAgo. ,„ 


200,1X10 
285,000 
270,000 
275,000 
280,000 
285,000 

J HI 

295.0(m 


—60.0 
—30.0 
— 32,ii 

—20,11 
— ls.o 
-110 

- j.ii 

— 2,ii 


0,0 

II.II 

0.0 

II.II 

ll.ll 




















rii«i,im"i 
808,000 
810,000 


u.o 

- 2.11 
0,0 


11.11 

*J.2 
2.u 




















Ul 5,000 




2.0 



















(c«) 



APPENDIX F.— SECTIONS OF MISSISSIPPI SWAMP LANDS, cxxi 



No. 2.— SECTION OF YAZOO BOTTOM LANDS. 



.•i-Ii.II 


iwn«w Yazoo bottom snrrnjfiel by psrty of thji Snrvej in cburgn uf Mr. II. A. Puttlwn. 






rif-tJinci- i'r.ini 


Flood of I85B. 




DlRtunce from 


Fl.ioO of 1858. 


Ground bo. 




i .i ... 'i 1 1 ■ 




UxaUtj. 


rlid Mlaelmfppl 


tow ]i. fl , 




lucidity. 


tllO MiriH)!(Klj)pl 


low 0, w. 






lit Vreutlpu. 


Jowl at 

Urn .«!.,[,- 

•hvplltVOT. 
(163 hat 

■*!'. euir.) 


Depth (if 

OTArfiow. 




sit Fruiitlba. 


li-V.'l lit 

tli.' llimin- 

offijii river. 
(102 ftM't 
lib. giilf.) 


Ddfitli of 
(iveilliiw. 




/>«/. 


/fcri. 


Stat. 




ftrf. 


tat. 


Fert. 




1) 


2-i; 


M 




220,110(1 


■m:i 


2,5 




5.1 


M 


4.8 




S3MKN 


21.6 


3.0 




111,(11)11 


4.0 


4.0 




23" 1,000 


i.i .1 


sua 




16,000 


4.0 


4.0 




2r,,i««i 


WA 


2,0 




aywo 


+.5 


4.5 




SHO^aoa 


23,5 


2.0 




25,1 H«l 


•1.5 


16 




2J,y>oo 


25.5 


3.2 




ao.oiw 


4.5 


4.0 




250,1100 


2X0 


2.0 


MelrbM lundlt*, MiaiiffBSf riiir... 


:.-l.i KM) 








255,000 


25.0 


3.0 




36,006 


flJi 


n.r, 




200,000 


-'..7 


3.0 




i'V 


■j.:> 


0.5 




865,000 


27.0 


4.1) 




J 5,1 "A) 


11,0 


s.o 




27 0,000 


28.5 


5.0 




• ■", 


12, l 


0.1 




■r,:,,\m 


20.1 


5.0 




£5,000 


13,0 


i. ,i 




2»n,ijoo 


'J'.!. 11 


5.0 




0(1,1100 


ri.ii 


IXJ 




->r..oOO 


2H.4 


3.0 




05,000 
70,000 
75,000 

Bfi,0Otl 


17.4 
20.0 
10.O 

18.8 

211.0 


3.0 

3.0 
4.0 




290,(100 
2111,500 

205,1 mn 
3110,000 
305,000 


20,3 

. 2K.7 
20.8 
21.5 


4,5 

4.0 
2.3 
0.0 






BO,OD0 

W,900 


2l.o 


i.S 




310,000 
315,000 


1(1.2 
18.0 


0.0 

o.o 




iw'ooo 

llkTr,!"! 


18,0 
2U 
23.9 


3.0 
&0 
7.0 




:ai,ooo 

32,'., I ml 
33II.CHMI 


20.7 
10.0 

21.il 


0.O 
0.0 
1,0 




llll.HKI 

115,000 
12CL«W 
13S,00tl 


22.5 

3310 
31 .Q 

1HJ1 


7.0 

8.2 
0.0 

a.0 




335,000 

:il»,ooo 
345,000 
350,000 


18,9 
10.0 

17.8 


0,u 
0.0 
1A 
0.0 




13U.000 


15,9 


;;,5 




355,000 


l&B 


0.0 




135,000 


17 J 


2.0 




3TO.000 


17.S 


0.0 




1+0,000 


IKS 


2.0 




3115,000 


lB^S 


0.0 




144,000 


K.O 


s.o 




370,000 


las 


3.5 




J.'iO.OOU 


^i £ 


8,0 




375,000 


is.a 


O.0 




155,000 


I-U 


Ml 




3ho,ooo 


1(1.0 


0.0 




liin.mMi 
105,000 


ls.5 


8.0 
5,0 




SS5,000 
3011,000 


22.8 
20.5 


0.0 
0,0 






17, 1,1 UK) 


ln.fi 


ill 




305,000 


10.7 


0.0 




175,000 


17.T 


8.6 




100,000 


25.0 


2.0 




Ihii.oOO 


17.5 


3.9 




405,000 


24.5 


2.5 




1S5.IK10 


is.o 


o.o 




410,000 


83.5 


2.0 


Horae-Bliiii'bji.voii, ..,..,....,....,.,.. 


1110,000 


l&j 


2.0 




■115,000 


27/1 


5,0 




aeijm 


11.5 


o.o 




■l-.ii.IV10 


20.5 


0.0 




200,000 


aa 


:i.u 




423,000 


21.0 


0.0 




ai],6oo 








430.000 
435,000 


[■>..-) 
6.0 


ii.ii 

o.o 




SQSjKKI 


14.5 


0,0 






210,1 »«.! 


18.B 


0.0 




440,000 
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APPENDIX G. 

CURRENT-MEASUREMENTS AT THE SOUTHWEST PASS. 



N„. Lp-OSSEEVATIONS IN K'.l BY THE PARTY OF PBOFB330R C. 0. FOKSHBY. 

Professor Forshey employed the velocity apparatus, felly described in Chapter IV, where a 
detailed account is given of the metaod adopted for gauging the Mississippi. His first observations 
were made at low and at high tide (oscillation 1.33 feet) at the bar of the Southwest pass on August 8-9, 
the river being at its " flood " stage. He found the water hoth at surface and bottom flowing outward. 
At the Barfece and at 8 feet below, it was fresh; at the bottom it was brackish. His second observa- 
tions were made on December 11*, at mid-tide (rising), at the same locality, the river being at its 
"tow-water" stage. He found the water at the surface flowing outward, and at the bottom at rest. 
It was braekish at surface and mid-depth, and salt at the bottom. The following extracts from his 
report furnish the details of these two sets of observations: — 

August 8-9.— " The tide had a range, independent of winds, of 1.88 feet, and reached its highest 
point at 4 a.m., and continued to fall from about GJ a.m. till 3 p.m., then was stationary for an hour 
or two. ********** 

"I next repaired to the bar itself for velocity observations. A pilot-schooner was anchored at 
the bar, just inside, and, for my accommodation, the pilots placed their vessel in the narrowest and 
lasi difficult point of the bar. I found 15 feet large as the depth at this time, low-tide, 61 p.m., 
August 8th, 1851. I measured 50 feet on the deck of the schooner, established ranges, and cast out 
our float-kegs. The result gave a mean of — 

"SurfnOT '2. .10 feet per second. 

]'< (W! llnf 2.18 " " 

"I then rigged the hydrndyiia meter, with the steel rods screwed together, and measured four 
times at 7 feet, four times at 12 feet, and three at 15 feat, with the results differing a little from the 
above; thus, 3.3 feet, 2 feet, and 1.31 feet per second. I prefer the results given by the kegs, as 
the friction of the machine, and some doubts as to its real value, must be recollected in using the 
meter, 

"Then we have a velocity at the bottom on the bar, full 2 miles outside of the land, of 2 feet 
per BCcoad, 

*'I then took up parcels of water from the surface, 8 ami 15 feet deep; the former two were 
fresh, the last brackish, although running out. It was turbid like the others. 

" In order to test these currents under circumstances the most favorable to an upward current, 
I resolved to remain on the bar during the night and continue experiments. 

"At 2 o'clock a.m.. by a bright moon, I made another set of velocity measurements with the 

( exxv ) 
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kegs. I cast out surface and 1G feet floats, allowing one foot for vise of tide since the evening 
experiments. Tims: — 

"Al am-fuce , .2.Sli feet pal second. 

At Ifl feet 1.85 " 

"I again obtained water from surface, miil-dcptli, and 16 feet, and found the former fresli, and 
the last brackish as before, but still as turbid to the eye as the others." 

"In December, 1851, I made a second survey about the mouth of the river. * * The gaugo 
at Carrollton ranged from to 1 foot, the lowest water ever known. * * * * 

"The pilots' boat lay anchored upon the bar whore the channel depth was 1G feet at mean tide, 
having nearly one foot greater depth than when tested in August under high-water influences. Upon 
its deck, I established a base of 50 feet, and with range sights timed the passing keg-iloats started 
along the channel, past the anchored boat. 

\ p:i.iir-|Tli:.i ON i: U:. 

"Set 1— Surface 1.92 feet per second. 

7 feel 1.61 

14 fret , ....touolicd bottom and hung. 

"Set 8— Surface • 1. 72 feet per second. 

7 feet 1.89 

Ufeet 6.41 

Tide rising at 0.G of a foot above low tide when velocities were measured. 

"Second series, at 300 feet east of pilot-boat, same base of 50 feet on deck, channel 17 feet 

deep. 

"Set 1— Surface 1,89 feet per second. 

7 feet 0.91 

15 feel stood still, nu current. 

"Set 2— Surface 2.38 feet per second. 

7 feet LB1 " " 

Ui feel - trifled very Blawly down. 

"Third series, at outer verge of the bar, 15 feet water. 

"Surface 2.38 foot per second. 

G£ feet 0.40 " " 

Si..,.. I n minute, find inflToniin- 
across 



/ niiiouaniinnic, nnuinm 

12 feet \ me* drifted (SO feet 

I elmiincl eastward." 
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No. 2.— OBSERVATIONS IN 1859-CO BY THE PARTY OF MR. 0. A. FULLER. 

Prior to his elaborated measurements, Mr. Fuller made a set of amateur observations, respecting 
which he states: — 

"The observations were made on the 13th, 14th, 15th, and 16th January, 1850, The stage of 
water in the river being at New Orleans about 3£ feet below high-water mark [Carrollton gauge 
11.5 feet]. The tide during the four days, as above, ranging about 2 feet between high and low 
tide. Very little, if any, wind was blowing, and that little from N. to NNE." 

" I do not feel perfectly satisfied with the results of the sub -velocities. Want of time alone 
prevented my making experiments on the under currents in a more satisfactory manner. The 
results I furnish herewith may serve as tests for other experiments I expect to make during the 
ensmn< T spring, and in making which I hope to be better prepared for ascertaining with correctness 
the direction as well as the force of the under current." 

The record of these amateur observations is given to make the list complete. The velocities 
wore obtained by noting the time of passage of the floats between two points, 100 feet apart ; 
the upper station being designated by a buoy, while at the lower station a boat was anchored, and 
at the same time connected with the upper station by a line 100 feet in length. 

The surface floats used were made of cypress roots, as light as or lighter than cork. The sub- 
velocities were obtained by means of a submerged keg, connected by a line to a surface float (made 
of li"ht wood — about 8 inches diameter at base — in form of a cone — length of axis about 6 
inches — signal flag at apex), the length of the connecting line being regulated by the depth at which 
the velocity was required. 
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It was directed that all Mr. Fuller's elaborated sub-surface velocity observations should be 
made with tin sub-floats G inches in diameter, and from to 12 inches long, connected by a fine wire 
with .surface floats G inches >n diameter anil from 1 to 2 inches deep. The experiments of May 12 
were made with sueli floats; but several of the sub-floats having been suddenly broken ofT (probably 
by fish), wooden floats were substituted, whose surfaces, like those of the tin floats, were to each 
other as 5 to 1. They were, however, connected by a line nearly T : ' e of an inch in diameter. The 
experiments in August, and all subsequent to thai dote, were made with tin floats, connected by a 
fine wire. At the beginning or end of each experiment the suh-tloat was suspended near the bottom, 
the wire being held in the hand. This hand experiment was directed to be made from the first, but 
from some misapprehension it was for a time omitted. The experiments subsequent to October 
were made by suspending a tin float G inches in ilia meter and 12 inches deep by a fine twine. 

When the current observations at the bar of the Southwest pass, made in May, 18;j1), are examined, 
the tides of the gulf, anil the direction of the winds and waves, should he considered; and it should also 
be borne in mind that in an experiment made by Mr. Fuller in August, when the exposed surface of 
the surface float was one-fifth that of the suh-fl"ai, the latter, although in still water, was carried 
forward by the surface float witli a velocity equal l<> une-filth of its own. 

The observations during the flood stage show that there was at nu I vine an inward current of 
salt-water at bottom, hut that all the salt-wafer had an outward motion. Where moving slowest, it 
had a velocity varying from 0,3 of a foot to 1.0 foot per second, the mean being about 0.5 of a foot 
per second. Sometimes, where the depth was 42 feet, the salt-water at a depth of 25 feet was 
moving outward with a velocity of at least 2.. ! ) feet per second. It is stated in the notes of t he- 
observer that these sub-currents were not in the same direction with the surface currents, but some- 
times made an angle as large as 20 degrees with them. 

The observations during August, when the river was very low, show that in that condition the 
bar was always covered with salt* water, sometimes still and sometimes in motion up the river; the 
up-stream motion apparently depending upon the wind, and not upon an eddy, for its existence and 
strength. This up-stream current was sometimes just perceptible; at others it was from 1 to j of a 
mile per hour. It was stronger on the outer edge of the bar than at the inner edge, which could not 
have been thr ease, if it had been an eddy current. When there was a down stream wind (northerly), 
the sub-surface refluent current was not perceptible either at the inner crest of the bar or on the bar 
{the water at the bottom, in the absence of tide, being still); while at the outer crest of the bar the 
up-stream current was just barely perceptible. After an easterly and southeasterly wind of sonic 
days' duration, this up-stream current was found to be quiie. strong at the outer and inner crest. 
In September ami October, the river being then also at its "low-water" stage, and the tide rising 
(range about 1.5 feet), salt-water moved in at the bottom on the outer slope of the bar, the thickness 
of the stratum and its velocity increasing as the tide rose. When the tide fell, the salt-water moved 
outward. 

The observations subsequent to October confirm the conclusions based upon those made previous 
to that time; namely, that the salt-water currents sometimes found on or in advance of the bar are 
chiefly due to changes in the level of the gnl£ caused by wind or tide. The eddy current, although, 
theoretically, it must exist, was rarely detected, being usually bidden by the action of other and 
more powerful agencies. 

It is a fact well established by the observation of pilots and other reliable persons, that in the 
low stage of the river, the surface water is usually brackish to the bead of the passes, and sometimes 
as far up as fort St. Philip, and that it has been known in extend to New Orleans. Mr. Fuller 
reports that in October and November, 1859, the surface water was brackish at Port St. Philip; and 
that during the extraordinary gales of August, September, and October, 1800, the gulf water filled 
the channels of the passes with an up-stream current. 
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The following tables exhibit a complete record of the elaborated observations made bj Mr. 
Fuller's party: — 
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Observations in 1S50-G0 — Con tin tied. 
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It is shown by an experiment made on the 17th August, that when the exposed surface of the 
surface float was one-fifth that of the sub-surface float, and the surface current was 2 feet per second, 
and the sub-surface float was in still water, the latter was dragged by the former about 0.4 of a foot 
per second. 
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On November 10, 1859, Mr. Fuller writes: "I can only say that I have repeatedly made the 
experiment (between the 1st June and the present time) with the large sab-float, suspended by a fine 
twine, the end Iiehl in the hand; but that, until the 18th August, I was unable to detect a decided 
relluent sub-current, which current I am satisfied increases as the river falls," 



Obxervations of December 15, 1850, at half flood. Tide 8 inches. Wind northerly and light. 
Gauge at Carrollton 5.0 feet. A great tide two or three days before. 

At upper can buoy; depth 18 feet. Water fresh from surface to bottom. Current at bottom 
not nearly as strong as at the surface; about the same difference as in previous experiments, viz.: 
from 0.5 of a foot to 1 foot per second. 

At upper bush buoy; depth 18.5 feet. Water fresh from surface to bottom. 

Outside of bar ; depth '20 feet. Water fresh from surface to 5 feet ; brackish at 10 feet ; salt 
from 15 feet to bottom. 

No refluent sub-surface current at any place. Strong surface current running out. 
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(tfiM-rratinns of January 5, 1800, at half flood; the sub-surface current being sought for as 
usual by means of a tin sub-surface float suspended from the hand by a small twine. Tide 2*2 inches. 
Northerly breeze. Gauge at Carrollton 8,0 feet. 

Outside of bar ; depth 30 feet. Water at surface fresh ; brackish at 4 feet ; salt from 5 feet to 
bottom. No refluent sub-surface current. 

Outside of bar ; depth 20 feet. Water fresh at surface ; brackish at 5 feet ; salt from 10 feet 
to bottom. No current at bottom ; at 5 feet above, slightly outward. 

On crest of bar; depth 14.5 feet. Water fresh at surface; brackish at 5 feet; salt from 10 
feet to bottom. A very slight refluent current at bottom. 

Inside of bar; depth 18 feet. Water fresh from surface to 10 feet; brackish from 15 feet to 
bottom. No refluent sub -surface current. Current at bottom not nearly as strong as at the 
surface; about the same difference as in previous experiments, viz.: from 0.5 of a foot to 1 foot per 
second. 



Observation* of February 3, 1SG0, at two-thirds flood. Tide 18 Inches, Wind northerly and 
fresh. Gauge at Cavrollton 12.7 feet. 

Inside of bar ; depth 18 feet. Water fresh from surface to bottom. No refluent sub-surface 
current. Slow current running out nt and near bottom. 

Oil bar, at middle bush buoy; depth IT feet. Observations same as above. 

On bar, at outer edge ; depth 15 feet. Observations same as above. 

Outside of bar; depth 30 feet. Water fresh at surface; brackish at 5 feet; salt from II) feet 
to bottom. Strong refluent sub-surface current. 



Olmn-ations of February 4, I860, at high tide. Tide 26 inches. Wind east, light. Gauge 
at Carrollton, 12.8 feet. 

Inside of bar; depth 18 feet. Water fresh from surface to bottom. No refluent sub-surface 
current. Slow current running out at and near bottom. 

On bar, at middle bush buoy; depth 17.5 feet. Observations same as above. 

On bar, at outer edge ; depth 16 feet. Observations same as above. 

Outside of bar; depth 30 feet. Water brackish at 5 feet; salt from 7 feet to bottom. Slow 
refluent sub- surface current. 



Observations of February 6, 1800, at half flood. Tide 19 inches. Wind northerly and fresh. 
Gauge nt Carrollton 13,4 feet. 

Inside of bar; depth 18 feet. Water fresh from surface to bottom. No refluent sub-surface 
current. 

On bar, at middle bush buoy; depth 17 feet. Observations same as preceding. 

On bar, at outer edge ; depth 16 feet. Observations same as preceding. 

Outside of bar; depth 31 feet. Water brackish at 4 feet; salt from 7 feet to bottom. Very 
slight refluent sub-surface current. 



ObtaVHtfaU of February 8, 1800, at half flood. Tide not recorded, as the gauge Vff out of 
Older. Being 8 neap tide, it was small. Wind westerly and light, 

\t outer edge of bar; depth 14 feet. No salt-water. No refluent sub-surface current. 
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Ohxrrvcithnx of February 0, 18(30, :it low tide. Tide not recorded, as the gauge was out of 
order. Being a neaj tide, it was small. Wind westerly and light. Gauge at Carrollton 12.8 
feet. 

Inside of bar ; depth 18 feet. No salt-water. No refluent sub-surface current. 

On bar, at middle bush buoy; depth 16\f> feet. Observations same as above. 

On bar, at outer edge; depth 15 feet. Observations same as above. 

Outside of bar ; depth 80 feet. Water brackish at 4 feet ; salt from 6 feet to bottom. No 
refluent sub-surface current perceptible. 

Observation* of February 10, 1800, at high tide. Tide not recorded, as the gauge was out of 
order. Being near the neap tide, it was less than a fout. Wind northerly and light. Gauge at 
Carrol] ton 12,(3 feet. 

On bar; depth 1(3 feet. No salt-water. No refluent sub-surface current. 

Outside of bar; depth 30 feet. Water brackish at 4 feet; salt from 5 feet to bottom. Slight 
refluent sub-surface current. 

Observation)! of March 3, 1800, at three-fourths flood-tide. Tide 14 incites. Wind easterly 
and light. Gauge at Carroll ton 12. 5 feet. 

On erest of bar ; depth 14,5 feet. No salt-water. No refluent sub-surface current. Surface 
current 4.03 feet per second. 

Observations of March 5,1860, at half flood-tide. Tide la inches. Wind southeast, light. 
Gauge at Carrollton 12.7 feet. 

On outer crest of bar; depth 14 feet. No salt-water. No refluent sub-surface current. Sur- 
face velocity 3.90 feet per second. 

Outside of bar; depth 20 feet. Water fresh from surface to 15 feet; salt at 18 feet. No 
refluent sub-surface current perceptible. 

Outside of bar ; depth 80 feet. Water fresh at surface ; brackish at 7 feet ; salt from 10 feet 
to bottom. Slight refluent sub-surface current. 

Observations of March 8, 18(30. No perceptible tide. Wind southerly ami light. Gauge at 
Carrollton 18,1 feet. 

Inside of bar ; depth 18 feet. No salt-water. No refluent sub-surface current. 

On outer crest of bar; depth 15 feet. No salt-water. No refluent sub-surface current. 

Outside of bar; depth 20 feet. Water fresh from surface to 12 feel; brackish at 14 feet; salt 
from 10 feet to bottom, liefhient sub-surface current just perceptible. 

Outside of bar; depth 80 feet. Water fresh from surface to 10 feet; brackish at 12 feet; salt 
from 15 feet to bottom. Slight refluent sub-surface current. 

In all cases, the current near the bottom, when not refluent, was sluggish ; more so, however, 
on the bar and outside tban inside, tdthotigb in the latter cases it was invariably much slower than 
at the surface. 



Obeervationt of March 18, IiStjtt, at half flood-tide. Tide 8 inches. No swell or wind. Gauge 
at Carrollton 18. 2 feet. 

Outside of bar; depth 20 feet. Water fresh from surface to 5 feet ; brackish at 7 feet; salt 
from lit feet to bottom. No current at bottom either way. 
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Outside of bar; depth 30 feet. Water fresh from surface to 4 fee*; brackish at 5 feet; salt 

from feet to bottom. No current at bottom. 

Within ami near outer edge of bar; depth 17 feet. Water fresh from surface to 10 feet; 

brackish at 12 feet ; salt from 13 feet to bottom. Very slow outward current at bottom. Surface 

current 3. () S feet per second- 
Inside of bar, at upper can buoy; depth 18 feet. Water fresh, with outward current, from 

surface to bottom. 

Observations of March 24, 18C0, at half flood-tide. Tide 9 inches. Wind westerly and light. 
Gauge at Carrolltou 1*2.9 feet. 

Outside of bar; depth 20 feet. Water fresh from surface to 5 feet; brackish at 6 feet; salt 
from 7 feet to bottom. Slow refluent current at bottom. 

Outside of bar; depth 30 feet. Water fresh from surface to 4 feet; brackish at 5 feet; salt 
from feet to bottom. Very slow refluent current at bottom. 

Outer edge of bar; depth 1(3.5 feet. Water fresh from surface to 10 feet; brackish at 11 feet; 
salt from 13 feet to bottom. No current either way at bottom. 

Inside of bar, at upper can buoy; depth 18 feet. Water fresh, with outward current, from 
surface to bottom, 

0b$emUicn6 of March 26, 1800, at three-fourths flood-tide. Tide 10 inches. Wind north- 
easterly and light. Gauge at CarroMton 12.8 feet. 

< lotside of bar ; depth 22 feet. AVater salt from 6 feet to bottom. Slow refluent current at 

bottom. 

Outside of bar; depth 30 feet. Water salt from 4 feet to bottom. Slow refluent current at 

bottom. 

Oiwrrafions <■( M:uvh -"■'. lM->", ■•* throe-fourths Q i-tids. Tide 12 inches, Ww& westerlj 

und light, Gauge at (.'arrollton 12.3 feet. 

UutM'le of bar; depth 20 feet. ' Water fresh from surface to 6 feet; brackish at 7 feet; salt 
from B feet to bottom. Slow refluent current at bottom. 

Outside of bar; depth 30 feet. Water brackish at 4 feet; salt from 5 feet to bottom. Strong 
refluent sub-surface current. 

On bar; depth 10.5 feet. Water fresh from surface to 10 feet; brackish at 12 feet; salt from 
14 feet to bottom. No current either way at bottom. 

Inside of bar, at upper can buoy; depth 18 feet. Water fresh, with outward current from 
surface to bottom. Current at bottom about half that at the surface, say 1.47 foct per second. 

Observation uf April 6, 1800, at one- fourth ebb-tide. Tide 12 inches. Wind northeasterly 
and light. Gauge at Carrollton 9.8 feet. 

On outer crest of bar; depth 15 feet. Water fresh from surface to 10 feet; brackish at 12 
feet; salt from 14 feet to bottom. No current at bottom. 

Observations of April 7, 1800, at one-fourth ebb-tide. Tide 17 inches. Wind SSE., light. 
Gauge at Carrollton 9.0 feet. 

On outer crest of bar; depth 15 feet. Water fresh from surface to 10 feet; brackish at 12 
feet; salt from 14 feet to bottom. No current at bottom. 
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Observation* of April 12, 1860, at one-half ebb-tide. Tide 12 inches. Wind northerly and light. 

Outside of bar; depth 20 feet. Water fresh at surface; brackish at 7 feet; salt from 12 feet 
to bottom. Slight refluent current at bottom. 

Outside of bar; depth 30 feet. Water fresh at surface; brackish at 3 feet; salt from 8 feet to 
bottom. Slight refluent sub-surface current. 

On outer creat of bar; depth 16 feet. Water fresh at surface; brackish at .5 feet; salt from 
10 feet to bottom. Slight refluent sub-surface current. 

Inside of bar, at upper can buoy; depth IS feet. Water fresh from surface to bottom. No 
refluent sub-surface current. 

Observations! of April 18, 18*70. No perceptible tide. Wind [fresh from southeast. Heavy 
swell outside of bar. Gauge at Carroll tow 5.8 feet. 

On outer erest of bar; depth 16 feet. Water fresh at surface; brackish at 6 feet; salt from 8 
feet to bottom. Strong refluent sub-surface current. 

Observation* of April 1$, 1860, at one-half ebb-tide. Tide 7 inches. Wind fresh from south- 
east. Heavy swell outside of bar. Gauge :il Carroll ton 5.5 feet. 

On outer crest of bar; depth 18 feet. Water fresh from surface to 10 feet; brackish at 11 feet; 
salt from 13 feet to bottom. Very slight refluent current at bottom, scarcely percept ibl p. 

Inside of bar, at upper can buoy; depth 18 feet. Water fresh from surface to lb* feet; brack- 
ish from 17 feet to bottom. Slight outward current at bottom. 

Observation* of April 21, I860, at three-fourths ebb-tide. Tide 18 inches. Wind fresh from 
southeast. Heavy sea outside of bar. Gauge at Carroll ton 5.4 feet. 

On outer crest of bar; depth 16 feet. Water fresh froffi surface to 8 feet; brackish at 10 feet; 
salt from 11 feet to bottom. Slight outward current at bottom, increasing to surface. 

Inside of bar, at upper can buoy; depth 18 feet. Water fresh frotn surface to 17 feet; slightly 
brackish thence to bottom. Slow outward current at bottom. 

Observations of April 23, 1860; begun at one-fourth ebb-tide, concluded at one-half ebb. Tide 
23 inches. Calm. Gauge at Carrollton 5.3 feet. 

Inside of bar, near upper can buoy; depth 10 feet. Water fresh from surface to 10 feet; 
brackish at 15 feet; salt at bottom. Surface current l.t'.'J feet per second; slow outward current at 
15 feet; slow refluent entreat from 18 feet to bottom. 

Three-fourths of a mile above outer edge of bar, a little west of channel; depth 15 feet. Water 
fresh from surface to 10 feet; brackish at 12 feet; salt at bottom. No current either way at bottom. 
Slow outward current thence to surface. 

Half a mile above outer edge of bar, east of channel; depth 17 feet. Water fresh from sur- 
face to 10 feet; brackish at 11 feet; salt from 12 feet to bottom. Slight refluent current at bottom. 
Surface current 1.92 feet per second. 

Near outer crest of bar; depth 16 feet. Water fresh from surface to 9 feet; brackish at 10 
feet; salt from 11 feet to bottom. Slight refluent eunvnt at bottom. Surface current 1.77 feet per 
second. 

Outside of bar; depth 20 feet. Water fresh from surface to 5 feet; brackish at 6 feet; snlt 
from 7 feet to bottom. Slow refluent current at bottom. 

Outside of bar; depth 30 feet. Water fresh from surface to 5 feet; brackish at 6 feet; salt at 
7 feet. Very slow refluent current at bottom. 
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Observation* of April 27, 1860, at one-half ebb-tide. Tide 19 inches. Wind northeasterly 
and light. Gauge at Carrollton 7.0 feet. 

Wear outer crest of bar; depth 16 feet. Water fresh at surface; brackish at 5 feet; salt from 
7 feet to bottom. Slight refluent current at bottom. 

Observation* of April 28, I860, at three-fourths ebb-tide. Tide 8 inches. Wind light from 
NNW. Gauge at Carrollton 7.5 feet, 

Near outer crest of bar, a little to the eastward of the channel; depth 15 feet. Water fresh at 
surface; brackish at 4 feet; salt from 7 feet to bottom. Slight refluent current at 10 feet; strong 
at 15 feet. 

Observations of April 30, 1860, at one-half ebb-tide. Tide 6 inches. Wind southeasterly and 
light. Gauge at Carrollton 8.8 feet. 

Near outer crest of bar: depth 16 feet. Water fresh from surface to 5 feet; brackish at 7 
feet; salt from 10 feet to bottom. Slight refluent current at bottom. 

Observations of May 1, I860, at one-half ebb-tide. Tide 6 inches. Wind northerly; stiff breeze. 
Gauge al Carrollton 9.4 feet. 

Near outer crest of bar; depth 16 feet. Water fresh from surface to 5 feet; brackish at 9 feet; 
salt from 11 feet to bottom; slight refluent current at bottom. 

Observations of May 4, 1860, at three-fourths ebb-tide. Tide 16 inches. Wind northerly, 
light. Gauge at Carrollton 10.7 feet. River rising at Carrollton at the rate of 1 foot in two days. 

Near outer crest of bar; depth 16.5 feet. Water fresh from surface to 10 feet; brackish, at 11 
feet; salt from 12 feet to bottom. Strong outward current at bottom. 

Observation* of May 16, 1800, at one-half ebb-tide. Tide 8 inches. Wind southerly, light. 
Gauge at Carrollton 7.1 feet. 

On outer crest of bar; depth 16.5 feet. Water fresh at surface; brackish at 7 feet; salt at 10 
feet. Outward current to 14 feet ; thence to bottom slight refluent current. 

Observations of May 18, 1860, at one-half ebb-tide. Tide 13 inches. Wind light from SSW. 
Gauge at Carrollton 5.6 feet. 

On outer crest of bar; depth 16.5 feet. Water fresh at surface; brackish at 8 feet; salt at 10 
feet. Outward current from surface to bottom. 

Observations of May 23, 1860, at one-fourth ebb-tide. Tide 26 inches. Wind south, light. 
Gauge at Carrollton 3.9 feet. 

On outer crest of bar; depth 16.5 feet. Water fresh at surface; brackish at 5 feet; salt at 7 
feet. Outward current from surface to 14 feet ; slight refluent current at bottom. 

Observations of May 25, 1860, at young ebb-tide. Tide 19 inches. Wind fresh from South- 
WML Gauge at Carrollton 3.5 feet. 

On uuter crest of bar; depth 17 feet. Water fresh at surface; brackish at 5 feet; salt from 8 
feet to bottom. Slow refluent current at bottom. 



cxlvi REPORT ON THE MISSISSIPPI RIVER. 

Observations of May 31, 1860, at low tide. Tide 19 inches. Light breeze from WSW. Gau^o 
at Carrollton 3.6 feet. 

On outer crest of bar; depth 16 feet. Water fresh at surface; brackish at 7 feet; salt from 8 
feet to bottom. No current cither way at bottom. 

Observations of June 1, 1860, at one-fourth ebb-tide. Tide 22 inches. Light breeze from 
SSW. Gauge at Carrollton 3.4 feet. 

On outer crest of bar; depth 16 feet. Water frcsb at surface; brackish at 5 foet; salt from 6 
feet to bottom. Under current commences running in slowly at 9 feet, and increases to strong 
refluent current at bottom. 

Observations of June 2, I860, at young ebb-tide (ono hour). Tide 2a inches. Light breeze 
from south. Gauge at Carrollton 4.0 feet. 

On outer crest of bar; depth 16 feet. Water fresh at surface; brackish at 3 feet; salt from 5 
feet to bottom. Refluent current begins at 8 feet, and increases in velocity to bottom. 
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